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TRINITROTOLUENE 



CHAPTER I 
INTRODUCnON 



Tbm almost ludvereal adoption of trinitrotoluene 
as the most eflSdent ezplodve in modem warfare; the 
devdopment and refinement of its manuf aeturei 
and the interesting ehemistry of its oompomidsi as 
weD as those of the lower nitro-derivatives of toluene 
has prompted quite extensive leseaieh as to their 
eomposition, structure, manuf acture, properties and 
uses. The fact that the results of these reseaiehes 
have been varied; often quite oontradictory; some- 
vdiat disoouneeted and ex pr essed with some confusion 
of terms would seem to wanant the publication of this 
little volume in which an attempt is made to gather 
together and condate all accessible information on 
the subject, both theoretical and practicaL 

Snee tiie diemical name ** trinitrotoluene " is 
lather mysterious to the nonnmentific mind, and since 
it is also mndi too lengthy for general use in this age 
of effidenqr, eoncntration and hustle, there have ben 
coined many abbreviations and substitutions of the 
word. Jn general these tenns are local only, lmt» by 
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iiM ill mtdSfuildootL cfte*. tliBv Iukm fDiwid bnoiid tiM 
tanitoiy in wliiek thqr oiigjbmted. Uttb vondBr is 
caused, tboefore, that tlie iminitifttfid ahoold eonfun 
the BtwenX names now in vogue for trimtrotohieDe^ 
and that he 8hu;dd think '^ TNT '' to be one sufastsnee, 
f* trotyl '* to be another, and so on. The entire list 
of contraetions and defiigDationf is much too lengthy 
to give in its entirety, but the mora fanuliar ones are 
these: 

«i •p^'p t>. 11^ Ammcan contraction, and the one 

usually used for trinitrotoluaie in thi? country. 

'^ Trotyl ''; this term is of Enf^Uah ori|pn, and is 
used almost exclusively in Enf^ish qiedfications and . 
literature. 

''Tolite''; the French abbreviation. 

"TrUite**; Spanish. 

/' FuUpulver-02 '' or simply '' Fp02 " is used by 

the Germans to denote trinitrotoluene. This is, of 
course, neither a contraction nor an abbreviaUon of 
the name itself, but denotes merely a certun ei^losive 
in accordance with the German system of classificsr 
tion. i 

Some other terms are '' Trinol," '' tritd,'' '' tri- 
tob '' and ** coal tar salt,'' this last being the newest 
designation for trinitrotoluene. By con^Muring the 
above terms with the full word, the relation of most 
of them is easily seen. 

Trinitrotoluene is just what its name impliea--a 
tripte nitrated toluene. Toluene, itself, is a liquid 
prepared usually from coal tar, by <Ustillation. This 
is the main source of thb substance in North America, 
although it is prepared in smaller amounts from arti- 
ficial gas, the cracking of crude petroleum, etc. 
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Hub pflarticidar trinitrotolneiie ib one of the siz 
io compounds of that name, and is the one 
fonned by the oommercial nitration of toluene. Cbem- 
ieallj it 18 the a, l*2^lr6, or '' qrmmetrieal '' tii- 
nitrotohiene. 

TUnitrotohiene belongB to the shattering class of 
caq>loaves known as the '* brissnts.'' The members 
of this class possess great f oroCy and upon caq>loding, 
shatter the containing shell into small pieces, thus 
ddng move damage per shdL 

The other well4aiown member of the brisaht dass 
of eaqdodves is picric add, m trinitropIienoL Pre- 
vious to the use of trinitrotoluene,4ncric add was used 
laig^ as the eqdosive diarge in didls. There are 
several disadvantages in picric add, however, which 
trinitrotoluene does not have. Picric add f onus salts 
(picrates) with a great number of the metals. These 
picrates aie veiy unstable, and aie quite sendtive to 
diock, thus gmng rise to premature eaq;>losions which 
often result fataHy. TMnitrotoluene is veiy inactive 
toward the greater number of the metals. Further^ 
men, picric add has a hi|^ mdting-point (122«6*) 
iriiile the melting-pcmt of trinitrotoluene is krw enoui^ 
aXkdr) that it may be poured into the sheU in the 
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On tli0 other liMdy trinitniAoliMM is Bot quite m 
powefful as pierie add^ but Ha innmiBhili^ te dioeky 
togethw with tlie adnaiteges died above, ba^e icBoUed 
in its afanoat totaUy ifplaciiig the Utter in waifaie. 
The first nation to use trinitrotoluene in shdb was tiia 
Geimans, who ndopted II in 1904. 

The great insenability d trimtrotohiene as eom- 
pared to that of picric aeid, is shown in tlie following 
table of minimum diargies neeessaiy for the detona- 
tion of both eqriosives: 
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Aside from its use individually as an explosive, 
trinitrotoluene is often mixed with oth» ingredients. 
The most important d these blends,, together with 
their analyses, are: 

''Thunderite^'; TNT, 4 per eent; ammonium 
nitrate, 92 per cent; flour, 4 per cent. 

''Permonite''; TNT, 10 per eent* ammonium 
nitrate, 42.5 per eent; potassium dilorate, 32Ji per 
eoit; stareh, 12 per cent; wood meal, 3 per cent. 

** Aluminium eiploeive''; TNT, 31 per eent; 
ammonium nitmte, 44.9 per eent; aluminium wool. 
24.1 per cent, 

'' Hasteryl '*; TNT, 99.5 per eent; rean, OJi per 
eoit. 
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Ifacarite'^; TNT, 80 par cent; bad nitnte, 70 
poflToeDi* 

** DoDarite''; TNT, 12 per oeat; coLcot , 02 pear 
Mat; ammomam nitrate, 80 pear oeat; flour, 4 per 
eeat; nitioglyoeriiie, 3.8 per oent. 

Dinttiotohie&e la also uaed in eonjonction with 
other mateiiab as an eq>lo8iye. One audi mixtme ia 
^ Caieddite-02.'^ The analysia of the mixture ia: 

DNT, 15 per cent; potaanum chlorate, 70 pear cent; 
wwiwnitffyftrh t^^^^*^ 1 nor oenti eaator ol l ^ 5 nor 

Qm totlMr mixtnn deservM mmtion beoanae of 
the vae of DiTT and TNT in the mixtaxo. TUa 
aq^loaho k eaUed '* tiqdastita.*' Tho aaa^raia ia: 

lifistara of DNT and TNT, 70 per oent; eoLoot, 
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CHAPTERn 
HISTOSICAL 

Soiai doubt iodBts as to wfaom tlio lioBcr of the d&i- 
oowy of tohme is due. Dr. W. Wiboii in aa aitido 
d%tod 1850, (1) gives the credit of the diseoveiy to 
Dj.ille^ a Fnoch ehenust, whp obtained from balsam 
of tola a compound to whiehl he ascribed the name 
^ benf oen.*' fVoni the above article^ Deville evi- 
dently did not analyse the '* bimzoen '' but arbitrarily 
asogned to it the formula Ci^Hit* 

Beilstan and Kuhlberg, in their *' Eleventh IVea- 
tise on Isomers of the TcdueUe Series," (2) give the 
h<mor to Pelletia and Walt^s, also French chemists, 
who obtiuned an oil from the distillation of pine resin, 
and from which oil they separated a Uquid which they 
called ** retinaptha." Their description of this liquid 
is this: '' It is a very claar liquid, • . • boiling at 108^ 
C, and it is not completely solidified at -20^. The 
results of three analyses indicate the fcmnula CtHs." 
(This is just half the molecular formula given by 
Deville to his substance.) " One could also give the 
formula CiiHie, but there is no definite ground for 
such a statement. In fact, the vapor density is 3.23— 
tihe vapor density corresponding to the formula CjtU 
would be 3.226/' 

From this statement it would seem that Pelletier 
and Walters were abready aware that a substance of the 
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HIBTOBIGAL 7 

fannula (supposedly) C14SU bad been isolated, and 
tbatp by deterrsining the vapor denatyy thqr had proved 
H to be just half this molecular weight, or CrHs. On 
the other hand, there is no reason why— if they did 
know tif the previouB discovery of this same substance 
-— thqr should give it a new name. The dates on 
which the above-mentioned men published thdr article 
seems to pcnni to Pelletier and Walters as the dis- 
eoverars— their work was completed about 1838, 
whfle Deville's work was published somewhere about 
1841. Of course, there is the possibility that Deville 
ccMnpleted his work some years before his results were 
published. 

In 1843, Bersdius technically accorded the discovery 
of toluene to Deville by suggesting the name " toluol *' 
or '' toluene " for the compound, (3) the name being 
derived from '* <h1 of tolu." 

Some ci the sdentists of that period (probably 
friends fd PeDetier and Walters), did not ^>prove of 
Bersdius' choice of name for this substance, and 
two of these, Muqnratt and Hoffman, in a research 
paper dated 1845, take occasion to remark: (4) ''Berw 
adius has proposed for this compound the name * UA- 
uol^ or 'toluene,' names » which are not very wdl 
diosoi, but whidi we shall retain in the f oDowing dis- 
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The '' retinaptha '^ of PdleUer and Walten and the 
^ beosoen '' <d Deville were proved to be the same sub- 
atance by the prepamtion of the nitro-derivatives, and 
by comparing the constants of those, and poedbly the 
Mid nitnHierivatives and eorren>onding toluidins. 

Glenard and Boudalt, at about the sfeine time, prob- 
aUiy later than both DevOVa and FeOetier and Wal- 
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tar's workt isolatad tohiraie fnm '^ Dragon's bl^^ (5) 
No f urthar rdferente, and eoosequmtly no identifici^ 
tkwi of this substanee, could be found. Glenard and 
Boudalt gave the name 'Vdracyl ** to the substance they 
isolated. Following the methods of thar predecesson 
they proved the identity of dracyl and toluene. 

Still another man, Cahours, during the years IS47- 
48 isolated a substance from crude wood alcohol by 
treating the alcohol with sulphuric acid. He called 
this substance ** toluen/' which b so near ** toluene " 
that naturally it would be supposed to be the same. 
Cahours demonstrated, howeveri that the formula of 
'' toluen '' was C^Hg, which gives rise to a doubt as 
to whether his product was really identical with tol- 
uene. An abstract, dated 1849, reads thus: (6) 
** Cahours has separated from crude wood alcohol 
different oily hydrocarbons, some already known; 
some new. Toluen CmHs is identical with the toluene 
of Deville. It distills between 108 and 112'' C. 
Cahours found the vapor density to be 3.27. Through 
treatment with nitric acid he obtained mono- and 
dinitrotx>luene, and from these, by reduction with 
ammonium sulphide, the corresponding toluidin and 
nitrotoluiuin." 

It is rather difficult to understand why Cahours 
insisted on the fonnula CuHg aftar having determined 
a vapor density of 3.27, which so closely checked 
Pelletier and Walter's determination. 

About 1850, Mansfield, an English chemist, iso- 
lated toluene from coal tar. (7) This discovery of 
Mansfield's practically ends the historical interest 
in toluene, since it has come to be the principal source 
of this substance. One further method of obtaining 
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toluene will be dted, however, beoaiiae of its seientifio 
intereet In 1846, two German ehemistSi ToUens and 
Fittig, prepared toluene qmthetically from methyl 
iodide and brambeniene. (8) This method was a 
modification of Wura' qmthesis of the aliphatic hydro- 
carbons, and it is interesting because the primary prod- 
net fd the now commercially valuable '' Fittig's qm- 
thesis '' was toluene, the basis of the greatest eqilosive 
of modem times. 

Hie earliest reference to be found concerning the 
purification of coal tar toluene is contained in Wilson's 
paper, (9) wherein he states: ** Hie best method of 
obtaining pure toluene conasts in collecting the part 
which passes over between 100 and 120^ C. and treat- 
ing this with one-half its weight of concentrated sul* 
phuric add. I have not determined which substances 
are removed in this process; the fact remains, however, 
that a constant boiling-point is obtained more easily 
through the use of sulphuric add than without. The 
boiling-point of pure toluene was found to be 110^ C. 
• • • Under all conditions a beries of protracted dis- 
tiOations is necessary to obtain this object/' 

As is seen from this statement, Wilson followed the 
same method of procedure as is followed to-day in 
order to effect the removal of the olefines from the 
erode tduene. Modern plants, equipped with the 
latest ^ype of fractionating stills, with their ccmipli- 
eaied cohunns, reSuxes and fractional condensers are 
f ortunatdjr not put to the same trouble in the puri- 
fication of toteene as was Wilson. 

The history of the disooveiy and preparation of 
monoidtrotohMDe runs parallel with that of tdhiene, 
I , sinee ii^ was by the pr^paiatioii of tht former that tol- 
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iMoe WM idflntified ky the aeranl Aamtm. DeviBe 
prepared the mopopitrotolmaa and aho the ilphopmte 
of toluene^ The nitro-oomppiiiid he ealled '' protoni- 
trobmioai/' and deseribes it in this manner: ''It 
tastes like bittw ahnonds; smelb snllocating at fint 
then penetrating. Its specifie pmvity is 1.18 at 16^ 
It boils at 225V' The same chemist found the vap» J 

d&aaity to be 4.05. The vapor density as ealeulated 
by him would be IJN, baang the ealeulation on his 
formula of Ci4Htt for toluene. (10) 

Beraelius, in a research paper published in 1843, 
pves in detail the preparation of nitrotoluene. (11) 
The results of a series of researches to prove its con- 
stitution are mentioned also. Beraelius was misled 
by his results, as was DeviUe. His final conclusion 
states, '' Nitrotoluene can be conudered as a nitride 
of toluid oxide, Ci4Hi40»N/' The chemical proper- 
ties of nitrotoluene were studied at length by Bcrselius, 
but he evidently arrived at no definite conclusion re- 
garding these properties. 

Dr. Wilson, in the same article to viiidi reference 
is made above, makes this statement concemiag nitro- 
toluene: " The changing oi toluene to nitrotoluene is 
carried out without difficulty in the i^Ual manner. i^ 

The boiling-point of nitrotoluene lies between 220 
and 225^ C. This body boils without decomposiii^.'' 
The last statement of Dr. Wilson, concerning Uie ability 
of nitrotoluene to be distilled without decomposition, 
confirmed experiments carried out by Glenard and 
Boudalt. Tliis question was a much mooted one at 
this time, since other chemists had proved to their 
entire satisfaction that nitrotoluene could not be dis- 
tilled without undergoing decomposition. (}onunent-^ 
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ing on thb qaestion, Beflsteln and Euhlberg (12) 
explain the deoonqxmtion of nitrotoluene as b^g due 
to the probable content of higher nitio-derivatiyea of 
toluene. This we now know to be the truth, and the 
finna who are purifymg their nitrotoluene by distilla- 
tion are very careful to remove all the hi^er nitro- 
ccmipounds before attempting the distillation. 

About this time, another chemist entered the field 
of the nitro-oompounds. This man was Jaworsky. 
He started out hiis work by pr^>aTing nitrotoluene, 
which he claimed to be a solid, and not a liquid as 
Deville, Wilson, and others had thoui^t it to be. (13) 
Jaworsl^ represents about the beift ^ype of pure indus- 
trial chemist to be found in this period of time. His 
woric on nitrotoluene had a great effect on the indus- 
tries; so much so, that at the Paris Exposition of 1867 
there was exhibited a great quantity of beautifully 
crystallised nitrotoluene. Whether this consisted of 
the pure solid isomer of nitrotoluene or whether it 
was a mixture of one or more oitrotoluenes and dini- 
trotoluenes, is not known. Jtmonky was also the 
first to produce toliiidin— the homologue of aniline — 
by the reduction of nitrotoluene with tin and hydro- 
^oric acid. The immediate industrial result of 
Jawordgr's work was that the use of nitrotoluene as a 
dyestuff base was firmly established. 

Kekiile, the great chemist whose *' bensene ring '' 
theory is now the basic law of the chemistry of the aro- 
matic compounds, worked exhaustively with nitro- 
toluene, and did much to dear the doud caused by 
Jaworsky's ccnttradictioii of Deville's work. Kekule's 
work showed' Ho quote his words— " At least it is quite 
prafaable that the substance hitherto regarded as nitro- 
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tohioieia nothing dae tluui a mixtim of nitiotohima 
and nitrobensflne.'' 

Summarising tlie wwk ci these eeriiar invesliga- 
ton of the nitiotohienesy there is <me faet that stands 
out very dearly throughout all their work— they had 
no thou^t of the possible iscmieriam of nitrotoluene* 
The results obtained by all the various work done by 
these ehemists was finally interpreted by Kekule as 
meaning that nitrotoluene was a solid, and that the 
liquid obtiuned by DeviUe and others was a liquid 
only because of the admixture of nitrobenxene* 

This cloud began to disappear with the work of 
RosenstiU, who was the first to suggest the possibility 
of the existence of nitrotoluene in different forms. 
His work was later supplemented by Beibtein and 
Kuhlberg, who found in Rosenstill's work the hint 
that led to their isolation of the three isomeric nitro- 
toluenes, and the classification and naming of these 
compounds. The results of Beilstein ^md Kuhl- < 

berg's work was published in 1879, when, tar the first 
time, the true jponstiiutions of the nitrotolucnes was 
established. ' 

It is very peculiar, indeed, that most of the bril- j 

liant earlier chemists, whose work did so much to lay 
.the foundation of the present wonderful science, j 

wound up their work with a probable error. The ji 

wc»rd ^' probable '' is used intentionally, because in that j 

formative period of the chemistry of the aromatics, 
with the constantly arising theories and hypotheses, I 

there may appear errors which are in reaUty not such, 
but which were facts when viewed in the light of the 
then accepted laws. Future discoveries have changed ^ 

many of these early ideas, and possibly it may be better 
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HISTORICAL 13 

to state that they were led astray by statements and 
hjrpotheses which later proved to be without f ounda- 
tion. Tlie particular point to which I refer is the 
nomenclature used by Beilstein and Kuhlberg for the 
nitrotoluenes. This may appear a small matter, but 
when reference is made to the publications of these men, 
and when these references are viewed in the light of 
present day accepted facts, their nomenclature is con- 
fusing. More so, because they made use of the terms 
** ortho," '* meta," and *' para,'' which are the same as 
are used to-day. Tlie meta and ortho isomeric nitro* 
toluenes appear to be just reversed from those isomers 
now regarded as meta and ortho. This view was not 
due to Beilstein and Kuhlberg alone, for at least one 
other scientist, V. von Richtei', was of the same mind. 
Von Richter states thus: (14) ** Trinitrotoluene from 
tneta mononitrotoluene crystallizes in yellow needles 
which melt at 82^." Now, the meta mononitrotoluene, 
according to modem orientation, will have the nitro- 
group in position three. (Throughout this book the 
methyl group in toluene will be considered as occupy- 
ing position one.) The trinitrotoluene that has a melt- 
ing-point of 82^ (probably slightly incorrect), is the 
symmetrical trinitrotoluene, with the nitro-groups in 
positions 2-4-6. It would therefore be impossible for 
this symmetrical trinitrotoluene to result from what 
von Bichter and Beilstein call meta nitrotoluene, unless 
one nitro-group actually shifts its position in the mole- 
cule which, as is known, is impossible with the con* 
ditions existing as th^y do in the process of nitration. 
Returning, mow, to Beilstein and Kuhlberg, and 
their *' Eleventh Treatise,'' there is found a detailed 
aummaiy of the constants 6t three nitrof 
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Tlmie same mnstaiits of the nitroUAieiiesi n<^tnf^ 
as we have them to-day, are cfifferait.: 




By comparing the above aummariea, it is seen' that 
the ortho compound of the earlier chemists is identical 
with the present meta nitrotoluene, and vice v^sa. 
That the eariy view was incorrect may be further 
proved by investigating the properies of the meta 
compounds. In all reactions the meta compounds react 
differently from the ortho and para compounds. For 
instance, in the nitration of toluene, the ortho and parisi 
nitrotoluenes are formed in large amounts, and the 
meta in small amounts. Further, when the mono* 
nitrotoluenes are nitrated to dinitrotoluene, the ortho 
and para mononitrotoluenes are very easily nitrated 
further, and the meta difficultly so. In other words, 
the ortho and para compounds form one part of the 
class, while the meta stands alone as the other part. 
With the early nomenclature, the meta and pigra would 
be placed together, while the ortho would stand alone. 
If, now, this view of the matter is accepted, Von Rich* 
ter's statement becomes entirely correct. 
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After Beilstein and Kuhlberg completed their work 
on the nitrotoluenes, they set about investigatmg tot 
nene to discover whether or not this substance existed in 
isomeric forms, thinking thereby to explain the isorn* 
erism of the toluene derivatives. Their experimente 
are interesting in the extreme, but are too lengthy to 
discuss in this book. Suffice it to say that the resulte 
of their research proved conclusively that toluene 
existed in but one form. 

In conadering the discoveiy of dinitrotoluene, we 
must again give the credit to Deville. His original 
paper on the general subject cf toluene and ite nitra- 
tion derivatives contains the statement that he pre- 
pared the dinitro-compound, which he called " binitro- 
benzoen/'* in direct accordance with the scheme of 
nom'^nclature he adopted. Deville gives the melting- 
point of his preparation as 71 ^ Therefore it is inferred 
that his *' binitrobenzoen " was 1-2-4 dinitrotoluene. 

(15) 

Cr ihouni also prepared a dinitrotoluene, but unfor> 

tunately he did not leave any data as to which of the 

isomers he obtained. 

Beilstein and Kuhlberg prepared two dinitrotol-. 
uenes, but give the melting-point of but one of the two. 
This was the same as that of Deville. The work of 
Beilstdn rnd Kuhlbeiig seems to have been mostly 
on the mononitro-oompounds of toluene, and the acidic 
and basic compounds of mononitrotoluene. 

Dr. O. Cunerth, in a paper dated 1874, (16) gives 
probably the most comprehensive summary of the his- 
tory and discoveiy d the dinitrotoluenes to be found. 
Bm paper hegam with this statement: '^ It is known 
that in the nitration of toluene^ two modifications are 
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obtained: the ortlio and iianL" This atatoneBft is 
furthtf proof that Beilstein was miatalrffin in his no* 
menelaturs. 

The seeond dinitiotohiene was diseovend by Rosen- 
still, but he was not sure whether it was the l-2-3| 
Ute 1-2-ft, or the 1-2-4 compound. Dr. Cimerth, 
after mueh work, identified this dinitratoluene as the 
1-2-6 modification. 

The 1-3-4 dinitrotohime was discovered by Beil* 
stein, who did this work independently of Kuhlbei|( 
in 1873* It was then that Beilstein gave the names to 
the three known dinitrotoluenes. The 1-2-4 modi- 
fication he called the a; the 1-2-6, the 0; and the 
1-S<4, the 7. This nomenclature is not strictly 
adhered to, by modem chemists, the usual manner of 
denoting a certain di- or trinitrotolurae bdng to state 
the position occupied by the groups. 

liSmpricht is credited with the isolaticm of the next 
dinitrotoluene. This was the 1-2-5 derivative, and 
was discovered by Lampricht during experiments on 
the action of fuming nitric acid on tduene. 

The isolation of the remaining two modifications, 
the 1-2-3 and the 1-3-5 is somewhat in doubt. The 
sources of information at hand point to either Ndting 
and Witte or to Bernthsen as tl^ discoverers. 

In considering the history irf the trinitrotohi^ies, it 
is found that modem chemists enter the field. The first 
three of these modifications were discovered quite eady, 
it is true, but the last three were discovered within tbe 
past three years, and their discovery was due indirectly 
to the great war. With the trinitrotoluenes, as with 
the dinitro-, there are possible fox isomers. The most 
interesting of the six is the lh2-4-6 or symmetrical 
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modificafioiL Peculiarly enoughi this waa the fint 
disooveredy very likely beeauae it ia the modification 
present in the largest proportiona in the nitration of 
toluene. 

The discoverer of the symmetrical trinitrotoluene 
was Dr. J. Wilbrand, who, at the time of his discovery, 
was working at Gottingen Univendty. Dr. Wil- 
brand's discovery was made in 1862 or 1863. Speaking 
of his research, which led to the isolation of the i^m- 
metrical TNT, Dr. Wilbrand says: ** The preparation 
of trinitrotoluene is very easy. Toluene ia heated to 
about boiling temperature with a mixture of fuming 
nitric and sulphuric adds for a day. The acid mix- 
ture is agitated with water, and the readue is crystal- 
lized after waahing with water and drying with alcohol. 
The analysb of trinitrotduene is: 

By BipMliiiMil. 

Cbiboii 87.0 S6.S 

Hydrogen ^ 2.2 2.4 

Nitroten 1S.6 19.3 

Trinitrotoluene ciystallises in white glistening 
needles, which are, to all appearances, scarcely differ- 
ent from dinitrotoluene. This substance melts at 
82^ and is easily soluble in hot alcohol, but very slightly 
in cold, in ether it is easily soluble. Boiling alkalies 
react much easier with trinitrotoluene than with dini- 
trotoluene. IVom the deep red alkaline solution, 
adds precipitate dark flocks.'' (17) 

The constitution and formida of trinitrotoluene was 
established by Glana and Bednri who» by experinient» 
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pwnd it to be qmunetrieaL (18) The mdtuig-iKMnt 
was fomid to be 82*, in eeeordanee with Dr. WUbnnd'e 
statement. In the light of modem researdi, tUs mdt- 
iog-pomt appean too hi|^ The correct mdUng-point 
is probably 80.6^ 

The next trinitrotoluene to be isolated was the 
1-2-3-6 modification. This was discovaned by Paul 
Hepp in 1882. (19) Hepp found the melting-point 
of this trinitrotoluene to be 112^. . 

The discovery of the 1-2-3-6 compound was id- 
lowed v^ry shortly by the discov^T <tf ^^ 1-2-4-5 
modification by Beilstein, who isolated both the 1-2-3-6 
and the l-«.4-5 isomers the same year that Kepp 
isolated the 1-2-3-6. Beiktein found the melting- 
point of the 1-2-4-5 isomer to be lOi"* C. 

The remaining three trinitrotoluenes have been 
discovered in v^ry recent times. In 1914, Giua and 
Molinari discovered the 1-2-3-5 modification. (20) 
The isolation of this compound was accomplished while 
the discoverers were working on an industrial probten 
with the oily substance resulting from the cenUifugidi- 
sation of crude dinitrotoluene. It will be remembered 
that Nolting and Witte woiled wtut this same sub- 
stance in 1885. These lattar investigators overlooked 
this trinitrotoluene and also several dinitrotduenes, 
since Giua and Molinari found the following constitu- 
in the oil. 
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DI-. 


TrioitvoColii^nM. 


1-3 
1-4 


1-2-* 
1-2-6 

i-a-4 


l-2-*-S 
1-2-3-S 
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Giua and Molinari give the mdtiiig-poiiit of this 
trinitrotoluene as 79.5^ 

The next trimtrotoluene to be isolated was the 
1-3-4-5 modification. This was discovered by Komer 
and Contardi in 1915. (21) Under what conditions, 
or from what source this trinitrotoluene was dis- 
covered is not known, since the original reference is 
not at hand. The melting-point given by the dis- 
coverers is 97.2^ 

The last trinitrotoluene, and the last of the fifteen 
possible nudeusHsubstituted nitro-derivatives of toluene, 
is supposed to have been discovered by Coparisow 
during the latter part of the year 1915.(22) The 
mdting-point of this trinitrotoluene is 137.5^ 

The history of the nitro-derivatives of toluene is a 
long one. There is interest at each step, however, 
because of the periods of time involved, and because 
of the great diemists who were concerned in the isolar 
tion and constitaticm of these compounds. The mono- 
nitrotoluenes formed the working subjecte for the work* 
img out and proof ci a conaderaUe number ci the basic 
laws <rf orientatmi; « faet idiieh is in itadf of no little 
interesL 






CRAFTBRm 
THB THBOSBXICAL HITKATIO!! OF TOLVEKE 

Im this disraBBioii <rf the tbeontinl iiitnlioQ of 
^^ftfamifi^ T ^^ inilro tmt tA tho idfinl |wt>tciw the ^ wwh 
stage. If ttthor the ooe- or two-etage proceaBee were 
substituted, there would be changes hi minor points 
only, and I think, the three-stage illustration will ren- 
der the theory more dear. 

The reactions <rf the first nitraUon of toluene are as 
foUows: 

First stage: 

CACHs +HNOs -^ CACCHtXNQi) +HiO. 



There is also a possibility that the reactkn may go 
forward in two steps, the first step being the suljAo* 
nation of the toluene, and the second step the substitu* 
tion of nitro-groups for the sulphonic groups: 



CeHftCHa +HsS04 -» C«H4(CHa)(S0^) +HtO 
and, 
CA(CHi)(SCb)+HHN0^C«H4(CHi)(N()«)+HsS04. 

The reactbns of the second stage consbt first in 
sulphonating the mononitroU4uene, and then in nitrat- 
ing the sulphonate: 
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G.H«(CHs)(NOi) +H,I^4 

-^ CA(CH.)(N0>)(80sH) +BtO, 
and 

ij C«H>(CHt)(NOt)(SO>H) +HNQi 

-» CtQ»(CHt)(N0i)s+HaS04. 



t 



The third-stage reaction is amilar to the seeaad 
stage: 

C«H«(CH«)(NOs)a +HaS04 

* 

-» C«H,(CH«)(NO,),(SQiH) +H A 
and 

C«Hs(CHa)(NOs)s(SO,H) +HNOa 

-♦ C«Hf (CHi)(NOa)a +H3S04. 

In each stage there may be the reactions of either 
IMwious or later stages taking place, because of the 
impossibility of absolute control. 

The theory that sulphonation takes place before the 
nitration can be accomplished may be the key to the 
question as to why some mono- and dinitrotoluenes 
are easily nitrated, and some are difficultly nitrated. 
The sulphonic group follows the laws of orientation 
perhaps more closely than almost any other group, 
and this explains why (assuming the sulphonation 
theory) dilute nitric add will not nitrate direct, but 
will merely replace a sulphonic group. Therefore, if 
the sulphonic group is not already in place, the nitro- 
ffoap cannot enter the molecule. So, if the previous 
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groap0 in mieh podtkMiB ilmt the sulphoiiie g^ 
«ter the moleeule eenly, the mmm will be nitrated 
only by vay stnmg nitrie aeid, or by using acune epeeiel 
method of introducing the 8iil|^ioDic group. 

This aohition to the question would seem to indieate 
that in the first-stage nitration the sulphonation does 
not take place, but that the toluene is nitrated directly 
by the use of nitric acid. 

Starting with toluene, purified as b considered necea- 
sarj for nitrations, the primary nitration is to mono* 
nitrotoluene. The theoreticauly perfect nitration would 
proceed in this manner: 



CHa 



V 




CU3 CHt 




m 



0» 



This nitratk^, however, b never aeeomplished, for the 
OKHumitlotolueDe eimasts of all three ieomerie lomn. 
The mimonitrotoluene modifications are present in 
the proportion of 38 per cent para, 60 p^ cent c»rtho, and 
2 to 4 per cent meta. (1) Tliis result is exactly what 
would be eq)ected, because with the methyl group in 
portion 1, the tendency of the nitro-groups is to enter 
either portion 2 or po^tbn 4. This fact holds true 
even with the moro generally accepted view that the 
first stage of the reacticm consists in sulphonating the 
toluene, because the sulphonic group behaves and 
orientates just the same as the nitro-group, and with 
the methyl group in position 1, the sulphonic group 
will also enter either position 2 or position 4. The 
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nitro-group can then easily replace the solphonic 
group. 

Tlie f onnation of the small amount of meta nitro- 
toluene is explained thus by Holleman:(2) ''It is 
apparent that there is an opposition between the ortho 
and para derivatives on one hand, and the meta deriv- 
atives on the other. Either the first two are the chief 
products^ or the last. Concerning the temperature 
of the reaction, it has been proved that the quantity 
of the by-products is the smaller, the lower the tem* 
perature of nitration.'' Thb statement of HoUeman 
is based on ciarlier work by himself, and in a paper he 
gives this trJ>ulation : (3) 

CONdTITirriON OP MIXTURE OP UNITS 



Tmbt. M Nlinttoa. 


OrilM. 


McU. 


PMm. 


DiV.C. 


PerCMii. 


l-«CM|ft. 


Percent. 


-30 


65.6 


2.7 


41.7 





66.0 


8.1 


40.9 


90 


66.9 


8.2 


30.9 


60 


67.6 


4.0 


38.9 



Considering, then, the mixture of mononitrotoluenes 
to consist of, approximately, 38 per cent para, 4 per 
cent meta, and 58 per cent ortho nitrotoluene; the 
reactions which occur on nitrating to dinitrotoluene 
will be investigated. 

This nitration takes both the ortho and para nitro- 
tohteoes largely to but one dinitrotoluene — ^the 1-2-4 
modification— but a small amount of 1-2-6 is formed. 
The nitio-group here, as before, consdenuously follows 
the law of orientation and enters a position meta to 



wmm 



M TBDIRB010IJDENB 

anoClMr Bitro-p€up,lwt ftiU wtiio or |»im to t^ 
group. Of oouiw, as in the fint-etaao iiitratioii» m 
imall aiiMNiiit of the moDonitrotohie&e (lypeciaWy. 
the meta) may, imdw the infliienee ci eonditioiia eon- 
cerning whieh we know nothing, attadi nitio-groiqpa 
in other than the qpeeified podtions. 

By the nitraticm of meta mtrototuene thne 18 fonned 
mainly the 1-3-4 dinitrotolu^Mie. Some small amounts 
of 1-2-3 and 1-3-6 (or 1-2-5) isomers also result from 
this nitration. (4) In each of these eases it may be 
noticed that the tendency of the nitro*group is to 
resist the intruding prime nitro-group, which has 
entered the molecule contrary to the laws governing 
its action, because the second group will enter either 
ortho or para to the methyl group. These isomeric 
dinitrotoluenes, other than the 1-2-4, and the tri* 
nitrotoluenes together with some unchanged mono- 
nitrotolucne constitute the oil that separates from the 
1-2-4 dinitrotoluone by centrifugalixing or cooling 
and filtering. This oi! is known in Germany as " Bini- 
trotropfol." Nolting and Witte (5) state that this 
oil constitutes about 7 per cent of the entire charge. 
Various chemists have imalysed the oil, their analyses 
being summarized and checked by Nolting and Witte, 
who found, in addition to the substances isolated by 
the others, some meta nitrotoluene. According to 
Nolting and Witte, the analysis of this oil shows the 
presence of 1-2-4 and 1-2-6 dinitrotoluenes, and 'j 

1-3 and 1-2 mononitrotoluenes. Giua and Molinari I 
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(6) discovered some trinitrotoluenes in the oil which 
were evidently overlooked by their predecessors. 

Summarising the products of the second stage, the I 

following nitro-derivatives may appear in the mo- 
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tuie. Thb summaiy 
binitrotropfol: 



Msumes no separation ci the 






IfNT. 


DNT. 


TNT. 


1-^ 


U2A 


1-2-3-4 


1-2 


l-2-« 


1-2^M) 


U4(pmSHj) 


1-2-8 


(l-8-4-«) 




1-3^ 


1-2-A-5 (1-^-4-4^) 




1-9-5 (i-»-e) 


(aU giMslioiialile) 



The amount of impuiiiieB; that is, products other 
than 1-2-4 dinitrotoluene, amounts to from 7 to 8 
percent. 

1^ The third stage is much more complicated than 
either the first or the second, on account of having so 
many things ^th which to deaL Possibly by consider- 
ing the action of each compound separately, the result 
will be made more dear. 

MONONIIBOIOLUENES 

h^ minlei to 1-^-4 BNT (pamikij farther mtntoi to 1-^-4-5 

TNT) (7); 
Ate 1-2-^ DNT (iKMBibly fMhcr nitntoB to 1-2-3-4 T^ 
Abo 1-2-5 DNT (iKMBibly lortiMr aitnta to 1-2-4-5 TNT) (S); 
l^mlntoitol-9^DNT(9) \ (Botii ponitlj tetkr aitntod to 
alw 1-9-4 DNT (10). / 1-^M-5TNT). 
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l-3-i lilaiM to 14-4-S Iri 


■^tev^tf^hi 


M»(i<0: 


l-»4 


«« 


1-2-4-5 


«• 


(9); 


l-M 


«f 


1-2-4-5 


f« 


(9): 


|-*-4 


«• 


lra-^-4 
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(ri»paiA^l-«-M>Oi 


1 

• 
• 


M . 


i4«^ 


•• 


«). 



THINITBOIOIJIJENE 



(Tte 
•MlllMltaiiM 



^HiP^ 



TNTk 
tiusk 



diffvttt tluspoHil. 
DNT, 
to 



liMll-S-4-4 
■liitoliMi 



ftkelUGui 
tkeorioi are qynlnd at tka «(d af Clua chapter.) 

The trinitrotolueneB lemain imdianged upon 
attempts to further nitrate^ unless too strong a nitrat- 
ing mixture is used. In this case thay may be oridised 
to trinitrobenxoic acids or to tetranitromethane. (11) 

All of the lower products of nitration must, of neoes- 
pity , be included in the products of the third-stage nitra- 
tion, because a small amount of any or all of these may 
have eMuiped nitration in all three stages. Th»e is no 
reason to suppose that any one of the nitration reactions 
may have proceeded to completion, with the possible 
exception of the nitration of 1-4 mononitrotohiene. 
This particular nitrotoluene is the most easUy nitrated 
ot the entire number, and from all reports, is never found 
in the finished product. (12) 

Sumnuuizing the products which may be found in 
the crude trinitrotoluene, the following formidable 
list appears: 




Tabulating the above summaiy in the order of 
nitraticm, and in view of the two theories advanced 
for the nitration, the following taUes result: 
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GERMAN 



MNT. 



1-3 



1-4 



l-*i 



DNT. 



{ 



l-»-l\ 

l-2-«/ 



{ 



1-^1 

1-3-5 

1-3-41 

1-3-6/ 



TNT. 



{ 



1-3^M) 
1-3-4-4 



1-3-3-4 
1-3^1-4 

1-3-4-6 



ITALIAN 



MNT. 




TNT. 



1-3 

1-4 

1-4 



{ 



1-3-41 

1-3-6/ 

f 1-3-4 

j 1-3-4 

(1-3-6 

l-3-« 



1-3^M) 

1-3-3-4 
1-3-4-4 
1-3-4-6 
1-3-4-6 



The differences in these two schemes are self 
evident. The Italian theory is probably correct, in 
that much more is known aboat the behavior of the 
various nitrotoluenes on nitration than was known when 
the German theory was proposed. In defense of his 
thecNfy, Hepp states as follows: 

*' The theory is, that by nitration of meta nitro- 
toluene not less than five of the possible six trinitro* 
toluenes are fwmed. Beilstein and Kuhlberg hold 
that a trinitroUrfuene is formed whose melting-point 
is 76 to 80^ They themsdves doubt the constitu* 
tion ci this eoiiq[NmiML 'Poenbly/ thqr eondude. 
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Tlie trath m, we have succeeded in danonetntiiig that 
from a mixtuie of the nitration |Nroducte of meta 
nitiotoluene at least two trinitrotoliiMiai may be 
isolated. • • The first of theqe is a diflBcultly soluble 
compound having a mdting-bolnt of 104^ C. The 
second, which I shall designate as the beta eompound, 
is an isomer of the first, and melts at 112^ C/' (13) 

Giua's statement is muchjmore brief and to Uie 
point. He say^: j 

** The direct nitration of toluaie can give but three 
trinitrotoluenes, these are the 1-2-4-6, the 1-3-4-6, 
and the l-2*-3-4. Only through dinitrotoluidin can 
the other three be formed. (14) 
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CHAPTER IV 
THE BfANUFACTDRB OF TNT 

The complete manufacture of trinitrotoluene in- 
volves the several processes of nitraUon, separation^ 
washing, crystallization and possibly purification. 
The experimental stage has been passed in every one of 
these various divisions in the manufacture of this prod- 
uct, until the modem plant runs as smoothly as a well- 
oiled machine. The apparatus necessary to carry on 
any one or all of the steps in the manufacture of TNT 
18 now well standardizedi and many excellent machines 
are on the market for accomplishing the end toward 
which every manufacturer works--a pure product. 
A detailed description of the necessary apparatus will 
not be gone into, but a brief outline of the requirements 
to be fulfilled by the various machines wiU be given in 
theur respective places. 

The first st^ in the manufacture of TNT is the 
the nitration. This reaction is carried out in a large 
vessel called the nitrator. This nitrator is generally 
a cylindrical kettle or tank, built of dther an acid-proof 
cast metal or of boiler plate. The material of which 
the nitrator is built should be thoroughly tested with 
the adds of various concentrations met with in the 
manufacture of the product. The nitrator must be 
weQ equq>ped with cooling coils and heating coils so 
placed that the temperature of the reacting mixture 
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mpcNMb instttitly to the openl&om of t h ce s coBb. TIio 
eooliiig b cffeetod by the ciradaUon off eoM water 
throo^ one set of eoih, and the heating eofla muet be 
8U|^)lied with ttther euperiiea'ed eteam, or eteam undw 
pressure. Some attempts have been made to build a 
nitrating kettle with but one set of eoih, this set serving 
for both heating and eooling. So far as I am aware, 
th«re has never been a redly efficient nitralior yet 
built along the above line. The trouble with this 
tjrpe of machine is that when cold water b waited, it 
b wanted quickly, and sufficient time to manipulate 
the several valves necessary on the above type of 
machine b not to be had. In addition to the tem- 
poature control coils, the nitrator must be equipped 
with a good aptating apparatus. Thb agitator b 
just as necessary as the water and steam coib, and, . 
through keeping the mixture of toluene and acid uni* 
form, aids in maintaining the tempoature level. The 
manufacture of TNT b essentially a proUem in tem- 
perature controL After the nitration b complete, the 
rest of the process b easy. In order to check the opera- 
tof of the nitrating kettle it b well to install a recording 
thermometer in each unit. Thb eliminates «rror, and 
causes the op^sior to be more careful, because he 
knows that a mechanical watch b being kept on hb 
work. 

I have noticed a tendency in quite a numlmr of TNT J * 

plants to poform the nitraticm in a rather dip-ehod 
manner, and cm remarking conooning it thb reply, 
was made: ** Well, its cheaper to use a little less acid 
in the nitration and purify the product afterwards." 
Thb policy b voy.bad, it b both expensive and non- 
efficient. It must be remembered that while TNT b 
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comparatively safe, it is made primarily to explode. 
Now, the more care taken with the manufacture of 
TNT~the less explosions in the plant, and the more 
explosions out of the plant. 

There are three general processes for the nitration 
of toluene to TNT. These are the onenstage, the two- 
stage, and the three-stage. All of these are b^g used 
at present in North America, but the three-stage seems 
to have the greatest preference. As the names imply, 
the process involves either one, two or three separate 
nitrations to carry the toluene to TNT. In some 
respects, the names '' onenstage," " two-stage/' etc., 
are misleading, because in every preparation of TNT, 
whether it be by the one-stage, the two-stage or the 
three-stage process, there are three distinct nitrations. 
With the oncHstage process these three nitr.^tions are 
all eff?cted with the one acid mixture and without 
separation of the nitro-derivatives and the spent acid 
until the TNT is completed. Similarly, the two- 
stage and the three-stage processes accomplish the 
same thing in either two or three different steps, each 
step necessitating separation of the spent acid, and the 
addition of fresh acid. It must not be supposed, 
however, that the entire amount of the toluene is con- 
verted to mononitrotoluene before any of the mono- 
18 nitrated to dinitrotoluene, or that all of the mono- 
nitrotoluene is nitrated to dinitrotoluene before the 
di- is nitrated to TNT. This ideal result is not obtamed 
with even the threenstage process. No matter which 
of the three processes is used, there will always be more 
or less impurities existing at each stage in the form of 
blither or lower nitration products. 

The tohiene which is to be used as the raw material 
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in the mannf Mturo of TNT miMt be mrj pun. Hie 
stanifaifd qpedlleatkmi mm cnmnt fai tlie Uaited 
States are as foUowa: 

'' Hie first drop nMi diatiD aot hehnr 108* C. 

'* AS per cent of the entire sampla nasi distiB villi* 
in 2*. 

''Tlie dry point must be below 112* OT 

In additkm, the toluene must be pnetieaQjr fine 
from defines or members of the dl-olefine series^ This 
demands that the toluene be washed several timea with 
concentrated sulphuric add to remove these com- 
pounds. The laboratoi > test for olefines consists in 
agitating some of the toluene with a certain percentage 
of concentrated sulphuric acid. If d^nes are present, 
the acid layer will acquire a yellow to red color. Thia 
color must not be deeper than whatever shade the cer- 
tain plant has adopted as its standaide^^ The com- 
parison standard colors consist of definite concentvar 
tions of solutions of potassium dichromatei chromie 
acid, etc. 

The presence of defines is dangerous because these 
substances form nitro-compounds in the nitration proc* 
ess, and these compounds are rather unstable. A fire 
or even an explosion may possibly result if the tduene 
is not freed from them. The presence of members of 
the aliphatic or paraffin smes is not nearly so detri* 
mental as the presence of the olefines. These com- 
pounds do not react on nitjation, and with the three- 
stage process they may be removed after the nitra- 
tion to mononitrotoluene. 

As stated in Chapter III, the ideal nitration d 
toluene to TNT would be toluene to 1-2 nitrotduenci 
to 1-2-4 dinitrotoluene, to 1-2-4-6 TNT. But this 
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18 never accomplished. It is approached most nearly 
with the threenstage process, in which process puri- 
fication is possible at each step. In order to compare 
the three processes, an outline of each is given. 

Note. — The acid mixtures gtven ue approziiiiAte only. Each plant 
has detenniiied just which mixture wiU give the best xesults, some of 
these mixtures Tsrying as much as 10 per cent. A statement of the 
exact analysis of the mixed acid is therefore impossible. 

The One-stage Process. In the one-stage process, 
but one acid mixture is used. This mixture consists 
of 75 per cent sulphuric acid, and 25 per cent nitric 
add. The usual charge for this process is in the ratio 
of one part toluene to twelve parts mixed acid. Each 
kilogram of toluene requires, therefore, 3 kilograms 
nitric add and 9 kilograms sulphuric acid. 

The toluene is added to the add in the one-stage 
process. The termination of the inlet pipe is in a kind 
of wdl at the bottom of the nitrator, and the toluene is 
nitrated before it can separate and spread about. 
During the addition of the toluene the temperattu-e 
must not rise above 30^ C. This addition requires 
from two to two and one-half hours. After the addi- 
tion is complete, the temperature of the mixture is 
raised to 90 to 95^ C, by means of the steam coils. 
This temperature is maintained for two hours, during 
which time the mononitrotoluene is nitrated to dinitro- 
toluene. The temperature is then further increased to 
120^, and is '' cooked " for an additional two hours. 
The nitration is now con£aeied finished, and the charge 
is ready for separation, washing, and graining. In 
many chemical plants a chemist tests the charge of 
TNT, and the time oi the final cooking is determined 
bj this adidifieation point ot the mixed TNT and add. 
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This praieipb of dimieftl contral it iiioptod anmntimfw 
in the two- and three-etage praeeaBes as wdl an in the 
on^-atage proeesB. The yield of TNT 1^ the one- 
stage iHTocess is 1.9 kilos per kilo toluMie used. 

The Two-atage Process. There are two posdUe 
modifications of the two-stage process: 

1. Nitration from toluene to MNT; separation and 
purification of the mononitrotoluene, and nitration to 
TNT. 

2. Nitration to dinitrotoluene, separation of this 
product from the spent acid, and further nitration to 
TNT. 

The second modification has been practically dis- 
continued in this country, and will therefore not be 
discussed. 

The first stage of the olher modification of the two- 
stage process requires a mixed acid which contains 
30 per cent nitric acid, 55 per cent sulphuric acid, 'f 

land 15 per cent water. The proportions for the charge 
are one part toluene to two and one-half parts acid 
by weight. This process differs from the one stage 
in that the toluene is placed in the nitrating kettle and 
the Mixed acid is added. The addition of the acid is 
carriiHl out at a temperature not exceeding 40^ C, 
and consumes one and one-half hours. The charge is 
then heated to 60^ for one hour, and the mononitro- 
toluene is separated from the spent acid. At this point 
of the process various procedures are adopted. The 
mpnonitrotoluene may be washed an.-^ distilled, or it 
may be separated from the impurities present by 
solution. There has been much discussion as to 
whether or not mononitrotoluene can be safely die- /. 

tilled. Recent investigations on the subject indicate \ 

I. 
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that it can be safely dbtilled providing there is no 
trinitrotoluene present. In every case, however, the 
distillation should be made under reduced pressure, 

^ as this lessens the danger from explocdons. 

Following the purification of the mononitrotoluene, 
or in case no purification has been made, following the 
separation from the spent add, the mononitrotoluene 

j) is placed in the nitrator and is sulphonated with an 
amount of sulphuric acid equal to three times the weight 
of the mononitrotoluene. This requires about one-half 
hour. The reaction mixturo is then heated to 70^ and 
mixed acid containing 50 per cent each of nitric acid 
and sulphuric acid, equal in weight to the sulphuric 
acid us^ for sulphonating, is added through a period 
of one hour. After the addition is complete the charge 
is cooked at a temperature of 120^ G. for two hours, 
then separated, washed, etc. 

The amount of acid necessary in the two-stage 
process per kilogram toluene is 5.6 kilos sulphuric, 
and 2.2 kilos nitric. The yield of TNT per kilo tol- 
uene is 1.99 kilos. 

A two-stage process has been proposed by Langen- 
Scheldt similar to the one outlined above, the main 
difference being that the final cooking is done at 140^ G. 
Humphry has made an especial study of this process, 
and makes certain recommendations concerning its 
use. (1) He reconmiends Langenschddt's process, but 
his investigations have shown that better yields of TNT 
are produced tqr operating at a somewhat lower tem- 
perature (120 to 125'0 tiian IM"" as prescribed by 
Langenscheidt, and maintaining the lower temperature 
for a longer time than that specified for the hi|^ tern- 
penture. Hie proportions id adds to toluene were 
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•Qcli tluit tli0 witcf conontralioii in thft final wiiirtwt 
was about 4.4 par cent. The eipmrnental data iiiA> 
eate that the yidd of TNT at a pvn taniMfatiife b 
not a f unetion of the water eoneutiation of the leae^ 
tion nuztme as aanimed fram 



CtH«CHsN0t+2HN0t vt C«H/:Sa(NOt)t +2H^. 
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Tn his diseusnon Huiiq[>hiey "^^^^^ pof ect^ dear the 
point that the above statement does not apply to dther 
vary low or vary hi^ water eoneentrationst beeause | 

experimoits have shown that with a vary hii^ wator j 

concentration the nitio-group aiit«B the side chain ct 
the toluene molecule, while with a low water cmicaii- 
tration, oxidation products, such as trinitrobensoie 
acids, result. 

E. J. Hoffman, (2) has made a study of the effects 
caused by the addition of the toluene to the acid, and h 
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vice versa. In his ezperimonts with the two-stag^ .| 

method (nitrating first to mononitrotoluene and then *\ 

to TNT), he used an add mixture of one part nitrie J 

acid (gravity 1.42) to two parts sulphuric acid (gravis j 

1.84). When the toluene was added to the adds the 
yidd was 60 per cent mononitrotoluene and 40 per 
cent dinitrotoluene. On the other hand, when the 
acids were added to the toluene very little dinitrotd- 
uene was formed. The temperature was more easily !i 

contrdled in the first procedure, in which the tduoie \ ' 

was added to the add. Providing the nitration product 
is to be further nitrated to TNT, the presence 61 the 
dinitrotoluene is not objectionable. Hoffman's jrield 
with this method was 75 per cent of TNT with a melt- W 

ing-pdnt of 78 to 80"" C. I 
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The Tliree-stage Process. The first-stage acid 
for this process is composed of 70 per cent sulphuric 
acid, 15 per cent nitric acid, and 15 per cent water. 
The acid is run into the toluene, the addition generally 
taking about two hours. The temperature during the 
addition of the acid must not rise above 30^ C. The 
proportion of acid to toluene is three to one. Follow- 
ing the acid addition the temperature is nused to 60^ C, 
and is held at this point one and one-half hours. The 
spent add is then separated, and the mononitrotoluene 
is either purified and nitrated to dinitrotoluene, or the 
nitration is made without any purification other than 
the separation of the spent acid. 

The acid used in the second stage contains 60 per 
cent sulphmic, 25 per cent nitric, and 15 per cent water. 
The acid is added to the mononitrotoluene at 75^ C, 
one and one-half hours being consumed in the opera- 
tion. After this addition has been made, the charge 
is cooked at a temperature of 90^ for one and one-half 
hours. Then the spent acid is separated, and the dini- 
trotoluene is ready for centrifugalization, or nitration 
to TNT without purification. 

The first step in the third stage is the sulphonation 
of the dinitrotoluene. Oleum (fuming sulphuric acid) 
is used for this purpose in the majority of plants. The 
add may be added very rapidly in the third stage, 
since the temperature is 90 to 100^ The add analysis 
shows 50 per cent each sulphuric and nitric. When 
the addition is complete, the temperature is raised to 
120* and the charge is cooked for one and one^half 
hours. The nitration is then supposedly complete, 
and the TNT is separated from the add, and is ready 
for wadung. The yidd of TNT per kilo tduene is 



The second stage of the Gennan process is very 
much like the American. Tljie mononitrotoluene (500 
kilograms) is placed in the mtrator and sulphonated 
with 1400 kilos sulphuric a^id at a temperature of 
60 to 70"". Then a mixture of 700 kilos of 100 per cent 
sulphuric acid and 700 kilos 48^ B6. nitric acid, is run 
in. The mixture is agitated ijintii a sudden drop of the 
temperature indicates the end of the reaction of nitra- 
ting the mononitrotoluene to dinitrotoluene. The 
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2.% Hm total add neeesaary is 2 kilos nitrie and 
5 kilos sulphuiie per kilo toluene. 

The Gennan iHrocess of manuf aetuiing TNT is ot 
intwest at thb point, ance the manufacture oi this 
product orii^nated in this country. The two-stage 
process is the one in greatest use in Germany, and in i 

many plants the mononitrotoluene is separated, one | 

(tf the isomers being used in the dj'e plants, while the 
other two are nitrated further to TNT. . The first 
stage ci the German process consists in placing 90 
liters of toluene in the nitrating kettle and adding 
an equal volume of nitric acid (gravity 1.25) at a tem- 
perature of 30^ or lower. By uaijiig this acid alone, i 
the Germans claim that the separation of the ortho and 
para mononitrotoluenes is effected more easily, and 
that little or no TNT is i»esent. The para isomer is | 
the one used for dyestuffs, and it is separated from the | 
ortho and the small amount of meta by cooling the | 
mixture to 10^ G. At this temperature scMne of the | 
para mononitrotoluene separates out and may be | 
filtered off. If a complete separation is desired, a I 
vacuum dbtillation of the mixture must be carried out. n 
For nitration to TNT only, no separation of the three , i 
mononitrotoluenes is necessary. n 
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temperature is then raised to 120^ and held at this 
point until the charge is finished as indicated by the 
control analyses. 

In some parts of Germany trinitrotoluene is made 
from dinitrotoluenoi which occurs as a by-product in 
various processes of the manufacture of other materials. 
In such a case^ the dinitrotoluene is melted, sulphonated 
with one and one-fourth its weight of oleum, nitrated 
with three-fifths its weight of nitric acid at temperar 
tures varying from 100 to 130^ and finally separated 
from the spent acid, washed and crystallized. 

A good comparison of the three processes used in the 
United States may be obtained from a summary of 
these processes: 



Add, nitric 

Add, sulphuric 

Yidd (kilot. TNTper Idio. IdueM) .. 
Tine (boon) 



One 
Stege. 



3 


i.e 

7 



Two 
Stage. 



2.2 
6.6 
1 



Tbiee 
Stage. 



2 
6 

2.2 
7-S 



From this summr ry, it is apparent that the three- 
stage process necessitates the use of less acid — and 
therefore less loss of TNT by solution— but consumes 
more time than the other two processes. The problem 
of the chemical engjieer is therefore to determine the 
best equilibrium for the conditions present in his par- 
ticular plant. This calculation necesatates a knowl* 
edge of the '' plant-hour ^^ value> together with the costs 
of addsi toluene, and other materials, the cost of deni- 
tration of the spent add, and the oonoentration of 
mlphurie aeid. But^ as a general ruU^ in oonsidera- 
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tion of tli0 lu^Mf gifids of ivodoH tonMd oiity tli0 tlira^ 
stage pcooM nuqr be nid to be tlie bmt. 

Many eapiwen havo mvcstigated to the ca tti e m e 
the fffttMJ itiogfca neenBarv for the b e at vidda and the beat 1 

produet poeaible in the manufaetwe of TNT. Mudi I 

credit ia doe -out of these investigaton, M. Copariaow^ | 

because ct the li^t his research haa thrown upon the i* 

nitration of toluene, and the cure for the troublea ' 

encountered in this reacticm. A summary ci Copari- 
aow'a work ia given hare, it bong taken from a recent 
artide.(3) 

'' The mineml mailer pi«!sent during the iHTocess of 
nitration may act cither as a catalyst or as a chemical 
reagent, and this action may exphun scmie €i the 
curious occurrmces in the course of a nitration. Fur- 
thomore, iriien mineral adds act upon the metal porta 
of the apparatus, hydrogen may be set iree^ and may 
reduce aome ct the nitro-compounds. Under the 
working conditions anuno groups may be diasotized 
yielding creaols and nitrocresols, whose salts are hi^y 
exploave, and this action may explain aome of the 
heretofore mysterious accidents in TNT plants. These 
may be obtained as by-products, through the action of 
the hydrogen, and the aiidiiing action of the nitric 
acid itself:" 

''1. Trinitrobensoic acid and tetranitromethane. 
These result from oxiflation in case of overheating or J 

INressure. The intense odor of the tetranitromethane 
is scHnetimes obs^ved in the factcNries, but the tiini- 
♦««'4w»nioic acid, owing to its solubility, generally 






2. Phenolic compounds. These, like creaols, may 
result from the reduction of the nitio-compounds by the 
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nascent hydrogen which is generated by the action of 
the acids upon the metal of the nitrator/' 

'*3. Sulphonic adds. These compounds may result 
when the quantity of sulphuric acid is too great; 
ie., when the mixture of acid contains too much sul- 
phuric acid in proportion to the nitric acid/' 

In the process of the manufacture of TNT, Copari- 
sow points out the following as being matters requiring 
particular care and watchfulness: 

" 1. The amount of nitric add used must exceed the 
theoretical amount necessary by at least one-half 
molecule." 

'' 2. The extent of the nitration should be r^^ted 
more by the concentration of the adds, the temperature 
and the duration of the nitration than by the actual 
quantity of nitric acid present/' 

''3. The reaction product should not be kept in 
contact with the spent acid longer than is absolutely 



it 



4. The concentration of add and the nature of the 
material in the plant should be such as to reduce their 
action on one another to a minimum." 
/'5. The raw materials must be pure." 
Coparisow further states that disposal may be made 
of the residue from the mother liquor — ^which residue 
consists of a complex mixture of various dinitrotoluenes 
and trinitrotoluenes— by nitrating this with a mixed 
add containing only 15 per cent nitric add. By this 
method, a ''liquid TNT" is. obtained, which has eon- 
dderable power, and has the prope r ty of gelatinising 
edlodion cotton, the same as nitioi^yoerine does. This 
liquid prodiiefc is used in the manufacture of gelatinised 
eqilositres* 
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FoDowing the nitialioii of the TNTt either one of 
two ptoeeew s may be followed. The first of theee 
praeeft « eoonst m '' bbwing '' the ebaiie of T^T phis 
the qmiv acids to a separating pan, where the charge is 
allowed to eooL On cooling, the TNT crystallises out, 
and so separates from the spent acid. Water is usually 
added to the mixture when it is blown, in order to mwe 
completely preeiintate the TNT from the acid sdu* 
tion. McHutehison and Wright (4) have investi* 
gated the iiiinimum amount of water necessary to 
eompletdy separate TNT from the mother liquor in 
order to avoid unnecessary expense in the recovery of 
the spent acids. It was found that the maximum pre- 
cipitation of TNT occurred on the addition of the acid 
to 4r5 volumes of water. A greater dilution than 
this, or the addition of the water to the acid was found 
to be less effective. Following the separation, the spent 
acid is drawn off to a tank, and may either form the 
basb for the new nitrating acid, or may be sent to 
the reclaiming plant for purification. The TNT is 
tranqx>rted to the washing plant by either manual 
labor, or by melting and blowing through pipes or 
troughs. 

The second method of disposing of the completed 
nitration mixture consisto in cooling the producte while 
siiU in the nitrating kettle, and thus forcing out the 
TaIT from its add solution. This procedure, of course, 
results in more dissolved TNT in the spent acid, but 
the time saved in the separation is very great, since the 
crystallisation in pans requires about four days, while 
the nitrator separation requires but a few minutes. 
The nitrator separation is used especially in planto 
whore the spent acid goes into the next charge of 
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nitraimg acids. Thus, the TNT in solution in the 
spent acid is ledaimed, so the percentage dissolved does 
not matter. 

Even after this separation of the spent acid, there 
still remains a considerable amount of acid in the TNT. 
In order to obtain a marketable product, this acid must 
*all be washed out. To perform this operation, the 
TNT is blown from the separating pan or, if the separar 
tion was made in the nitrator, from the nitrator to the 
washing tanks. The washing is accomplished by means 
of hot water (85 to 90^ C.) Seven or eight changes of 
water are necessary for the complete removal of the 
add. 

The washing of TNT was originally for the sole pur- 
pose of removing the add and rendering the TNT neu- 
tral to litmus. This process has been extended and 
elaborated upon, until to-day, in a modem plant, the 
primary steps in the actual purification of the TNT are 
carried out in the washing kettie. Various chemicals 
have been tried in solution in the wash water. The 
one great success in this line is sodium sulphite. 
Beddes acting as a neutralidng agent to the acid, the 
sodium sulphite liquor exerts a solvent action on the 
lower nitration products of toluene, and thus serves to 
remove some of these impurities from the c^ymmetrical 
trinitrotoluene. The usual manner of using the 
sodium sulphite wash is to give first about four washes 
with hot water, then two washes with sodium sulphite 
liquor, which contains 20 kilograms sodium sulphite 
per 1000 liters water. This chemical wash is followed 
tqr a sliipitiy addified water wash, and then with two 
more pure water wadies. Various other diemicals, 
sodi as sodium carbonate^ sodium bicarb<Miate^ ete., 
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have been used with more or leas siieeMB. It has 
been found that these more distiiietly eDuJine aelta t«^ 
to daiken the TNT, and alao tmd to render it unntahla 
That are» in laet» some eodium aelte of TNT whidi 
explode as low as IW C. 

The washing of TNT is, in short, a ehemical engi- 
neering problem which often taxes to the limit the re- / 
sonroes of the enpneer. Practice has proved that the 
most efficient washing apparatus b the most^ simple 
in construction. As a matter of fact, the more simple 
the entire TNT plant, the better the product, and the 
most efficient the operation of the plant. One type ci 
washer, a vary complicated piece of apparatus, built 
of iron, containing a lead lining, and weU supplied with 
baffle walls, interior wells, and valves and iiyphons 
galore, wail at one time in use at a certain plant. This 
machine was a model of the designer's art, but was 
absolutely useless for the washing of TNT, since the 
charge generally ^aiished up by solidifying in the various 
valves, wells, and syphons in and connected with the 
machine. This necessitated dismantling the whole 
apparatus, and the cleansing of each individual valve 
and well with live steam. Plain wood tanks have 
now replaced this machine, and are washing the TNT 
perfectly, the entire tank costing less thiui a new lead 
lining for the old type apparatus, and lasting from two 
to three times as long. The agitation of the TNT and 
water in this wood tank is done by means of compressed . 
air or steam entering through small holes in a pipe run- 
ning lengthwise on the bottom of the tank. 

Since TNT is appreciably soluble in hot water, the 
wash water from the washing machine contains a 
comparatively large amount of dissolved TNT. In 
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order to reelaim this dissolved material the wash water 
coming from the washers is run through a series of 
tanks containing baffle walls to fcnrce the water to 
travel a conaderable distance* This is known as the 
''labyrinth." Here the water coolsi and the TNT is 
thrown out of solution. These labyrinths are cleaned 
out periodically, and the recovered TNT is mdced, 
sieved, and if necessary treated with a nitrating acid 
and finished in the ordinary way. In some cases this 
reclaimed TNT (sometimes of inferior quality) is 
mixed with good TNT C blending '') and is thus 
disposed of. The conscientious inspector of TNT will 
not allow this practice unlqgs done under his personal 
supervision. Blended TNT possesses certain charac- 
teristics that pure TNT does not possess, and may thus 
be detected. 

Following the washing, the TNT is crystallized or 
"grained." From the washing tank or kettle the 
molten TNT is run by gravity into the crystallizing 
pan. This apparatus consists of a water-jacketed 
horizontal pan, in the center of which is set a vertical 
shaft carrying a brass or bronze arm. This shaft may 
be driven by either c*verhead or bottom drive. The 
under drive is preferable from the standpoint of safety, 
because in this manner of drive, all belts, gears and 
motors are placed underneath the pan where the work- 
men cannot come into contact with them. The under 
drive furthermore lessens the possibility of contaminar 
ting the TNT, which is being crystallized in the pan, 
with dropping oil or grease firom the belt or gears, such 
as migiht occur if the drive were of the overhead type. 
The arm which is attached to the revolving shaft should 
dear the sides and bottom of the pan by at least i inch. 
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rhis it neeeaBvyto pnvcat frietion between the urn 
ind the pan, and the ppegbility of igmtion of the 
[*NT. The arm should be set in a elopiiig potttio^^ 
irith the slope downward in the diieeticm ci nrtaticm. 
rhis slope eauses the TNT to dindb over the arm, and 
;reatly facilitates the graining d the matariaL 

A 8eo(md method of reducing the TNT to small . 

Murticles, and which is, as yet, quite new« depends upon ( 

he rotation of a drum in the molten TNT* As the 
Irum revolves, a thin layer of TNT adheres to it, and 
i scraped from the drum by a knife after about <me- 
lalf revolution. This machine decreases the time 
lecessary for the crj^stalliiation greatly. The process 
I known as '' flaking.'' 

The completion of the crystallization marks the end 
f the process of manufacture of crude TNT. The only 
operation left is the screening. This is done by shovel- ^ 

[)g the TNT directly from the crystallizing apparatus J 

Qto an oscillating screen having 10 to 30 m^es per 
Qch. The TNT passing through the screen is packed 
Qto boxes of 100 pounds each. 

One of the problems coiifronting the piimeer chem- 
cal engineers in the explosive field was the disposal 
»f the spent or wante acid from the nitrations. The 
analysis of a typical spent acid shows thcf following 
omposition: 



Nitric acid 3-12% 

Water 10-30 

Organic matter }-3 

Sulphuric acid Balance 

rhc disposal of this hAd in the earlier plants was accom- 
plished by sending the acid directly from each nitra- 
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tioD to the spent acid tank, and from this place to the 
denitrifying plant. Modem practice utilizes the spent 
add from one stage as the basis of the nitrating mix- 
ture for the next preceding stage. This re-use is 
along certain lines that are developed by the individual 
plant. This method of usmg the spent acid over again 
possesses the following advantages: 

1. The saturation of each spent acid with organic 
matter lessens the loss of the TNT by solution. 

2. A uniform spent acid is discarded by the nitra- 
tion plant, thus enabling the denitrating plant to adopt 
a standard practice, and to treat each batch of acid the 
same. 

The first step in the reclaiming of the spent acid is 
the cooling and filtering of the acid. This removes a 
large part of the organic matter. The removal of the 
organic matter is very important, especially so if the 
recovered nitric acid is to be used in the manufacture 
of ammonium nitrate. Foreign material in the nitric 
acid may result in an explosion. In the United States 
alone, at least one explosion is known to have been 
caused by such contamination. 

Following the removal of the organic matter, the 
acid goes to the denitrating plant. Here the nitric 
acid is separated from the sulphuric acid by blowing 
air and steam through the mixture. The weak nitric 
acid resulting from the solution from the denitrating 
towers is used, as stated above, in the manufacture of 
anmiomum nitrate. 

The reclaiming of the waste add has bedi the object 
cf aeyeral patents granted in the United States and 
lc»dgii countries, tiie medium of sq>aration being 
ntventsi for the mtet part. A British patent (S), 
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granted Id 1914, Mparmtes the nitrotohmiM centaiiiedl 
in the weete acid by waahing the aeids with taluene or a 
nitrated tohiene which has been nitiated to n lower 
degree than that of the producta to be removed. If 
the proeeaa be carried out at a suitable tenqierature, 
the tohiene or nitrotoluoie used for the extractant 
undergoes nitration in the iirpci:88. Fresh nitric acid 
may be added to the waste acids for this purpose. 

Another process of extracting the organic matter 
from the waste acids by sdvent means was patented 
in t915. (6) Thb process is made continuous by run- 
ning together the waste acid and solvent, in suitable 
proportions, into a mixing tank, while maintaining the 
appropriate temperature and pressure. The mixture 
fiows from the mixing tank through an overflow pipe 
into settling tanks, where the liquids divide into layers, 
the nitrotoluenes formerly dissolved in the acids being 
now dissolved in the solvent. Suitable solvents men- 
tioned in the process are toluene, mononitrotoluenes, 
etc. 

A distillation process is interesting because of its 
uniqueness. In the operation of this process (7) the 
waste acid is evaporated in a suitable container, and 
the organic substances are removed from the gas and 
vapors by passing these vapors through a chamber over 
water. The part not absorbed by the water in this 
chamber passes out into a condenser. The solidified 
organic matter collects in a reacUly accessible chamber, 
and is removed from time to time. 

A peculiar use is made of the spent acid in some parts 
of Russia. (8) The waste acid fron the manufacture 
of TNT contains 62 to 72 per cent sulphuric and 2 to 
3 per cent nitric acid. This is used to prepare super- 
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phosphate from the Russian phosphate rock. The 
superphosphate thus prepared is said to be much more 
dry and more pulverulent than that made with sul- 
phuric acid alone. 

After the separation of the nitric acid from the solu- 
tion, there remains a mixture of sulphuric acid and 
water. This b concentrated by running slowly through 
a series of pans, called a ** cascade/' which are heated 
from beneath. Various other patented processes are 
now coming into use for concentrating sulphuric acid 
solutions. The acid coming from the concentrating 
plant is mixed with oleum to further reduce the water 
content, and may be used in nitr^l'ng mixtures again. 
Another use for the acid as it comes from the concen- 
trating house is in the manufacture of nitric acid. 

Another problem which the engineer must meet is 
that of transferring the TNT after it has been completed 
by nitration to the various other stages of the manu- 
facturing process. With the toluene, acids and other 
raw materials this is comparatively easyi since these are 
in the liquid state. TNT, however, will solidify at 
80^ C. and must be kept above this temperature if it is 
to be blown through pipes. Blowing consists in run- 
ning the TNT in a molten state into a strong box called 
a ''blow-case,'' and then, by means of compressed 
air, forcing it out through steun-jacketed pipes. Con- 
siderable difficulty is experienced with this method of 
tranqx>rtation, because the TNT solidifies in the pipes 
seemingly without the least reason. When such an 
occurrence takes place, it is necessary to either wait 
a eonsiderable time untU the TNT mdts, which delays 
the process; or else a section of the pipemust be cut 
oai, and the TNT removed meehamcally. One very 
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)od plan to overeome thb dim^ 

troui^ veiy dMirt pipes, by mW 

ipe 10 not feoable, a troui^ T may be made, and mxt^ 

funded by steam pipes embedded in asbestos eonent 

* sand. Should Uie TNT solidify through accident, 

le trou|^ can be readily deatied out without delay or 

conveniMice. 

The oily substance which separates on the second 
age of the three-stage {urocess, called by the Germans 
binitrotropfol/* is quite indifferent to attranpts 
ade to nitrate it. The problem has been solved^ in 
aly, according to Giua, in this manner: (9) 

The oil is treated with an anhydrous ai id mixture, 
ithin very narrow limits (1 : 2). With this treat- 
ent, a product is formed, having a ibelting-point of 
i^ C, and which can be separated from the oily and 
ore difficultly nitrated portion by cooling to 40^, 
id allowing the oil to drain off. A second nitration 

II yield a product which, on being washed, melted 
id neutralized, melts at 80'' C. Thb '' tropf " cul i 
IS always been regarded as useless in Italy, but in i 
^rmany, where alcohol is used for crystallization, 
tropf " oil is the starting-point for much of the TNT 
oduced. A single nitration of the oil does not give 
utilizable TNT if the latter b not crystalli^d from 
me solvent, because 5 to 7 per cent of the oil remains 
initrated under ordinary conditions. The use of 
!ohol as a solvent from which to crystallize the TNT is 
ohibited in Italy, because of the high tax on alcohol, 
^natured alcohol cannot be used, because the pyridine, 
lich is used as a denaturant, darkens TNT. Fcmt 
is reason the TNT industries in Italy use dinitrotolu- \ 
e as the starting-point, and the dinitrotoluene is 
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oenirifuged to separate the oil. By the above method 
of nitrating, a great amount of thili oil has been saved. 

It will be seen from the foregoing description of the 
complete manufacture of TNT that the modem fac- 
tory must be much larger than a simple nitrating, 
washing and crystallizing plant. The modem plant 
must include, berides the TNT units: (a) Plant for 
manufactiuing nitric acid; (6) Sulphuric acid concen- 
tration plant; (c) dinitrating and filtering plant; 
(d) ammonium nitrate plant, or other plant to utilize 
the weak nitric acid that is recovered from the spent 
add* 

Summing up the entire process, it is one of chemical 
eontrol from beginning to end— from the testing of the 
toluene from which the TNT is made, to the analysis 
of the adds rec ov ere d from the waste liquors. Chem* 
Seal control cannot be einphansed too greatly, and the 
plant with the most highly devdoped chendcal contrd 
is the plant thai tuns oat the best product. 
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CHAPIBR V 
1HB msmCATIOlf Ot TST 

Tm purificiiliiNi of TNT, wliik in ntlity a pwfc of 
its manufactwe, miay c^Munst of aiij one of a numlwr of 
methocfat most of which are equally food as a means of 
extracting the ** ioipuritiea " in the TNT. Thoe are 
aiqiearing every day new methods of purifying this 
wbstanoe, and the number is now too great to treat 
each method separately. It is thou^t wise, in view 
of the fact that a diflferentiaUon is made between enide 
and purified TNT, to treat the purification as a sepa- 
rate subject, rather than to include it in the discussion 
of the manufacture. 

The product which results Irom the ai^lication of 
the various processes outlined in the previous chapter 
is known as ''crude TNT.'' To ^fine the word 
** crude '' as applied to TNT is rather difficult, since 
a crude product is generally thought of as being a 
product that is contaminated with foreign substances. 
The purified product differs from the crude product in 
that these foreign matters are removed. As a matter of 
fact, '' crude " TI^jTT contains no real impurities, in the 
true sense of the word, because the impurities have been 
removed in the washing of the crude product. There 
are, it is true, other compounds of nitric acid and tc^ 
uene (the lower nitration products), in the TNT, and 
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these are the ** impurities " meant when this term is 

^tv^ised in connection with TNT. 

^1^ By referring to the chapter on '' The Nitration of 

I Toluene '' it is seen that TNT may contain mono- 

^ nitrotoluene, dinitrotoluene and even other isomeric 

trinitrotduenes aside from the qrmmetrical TNT. 

The common expressi^ki ** TNT " (or its synonyms) 

has become narrowed down to mean that certain 

. trinitrotoluene isomer defined as the alpha, or 1-2-4-6 
isomer. The melting-point of this particular trinitro- 
toluene as determined by reputable authorities is 
80.6 to 80.8^ C. Now, if other trinitrotoluenes or any 
mono- or dinitrotoluenes be mixed with the qrmmetrical 
TNT, the melting-point will be either raised or lowered, 
according to the fifpedfic nitrotoluene present. As a 
general rule, the melting-point of the mixture is lower 
than the melting-point of pure TNT, indicating the pres- 
ence of some of the mono- and dinitrotoluenes. In 
order to remove these compounds from the TNT, 
many different methods of purification are resorted to. 
The greater number of these methods depend upon the 
solvent action of some substance upon the mononitro- 
toluenes and the dinitrotoluenes. The more important 
of these methods are outlined below. 

1. The Purification by AlcohoL The crude TNT 
is placed upon the filter medium of a vacuum filter. 
An amount of 180 proof alcohol, equal in weight to 
one-quarter the weight of the TNT, is added. This 
mixture of TNT and alcohol is then agitated thoroughly , 
and fresh alcohol, equal to one-half the weight of the 
TNT is poured in on top of the mixture. The filter 
punq> is then started, and the alcohol is filtered off 
until tlie top level of tlie alcohol layer Is ooineident 
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with tlie top of the TNT. At thb point a finthiv 
amoQnt of alcohol equal to oiie-qiiart« the wdght of 
the TNT b added, and the filter 10 ra^ed diy. The 
TNT is dried by either a efirrent of warm rar, or by 
vaeuunL In the hitter caao, the filter must be ao ar- 
ranged that a vacuum may be effected in the upper 
chamber. 

The action of the first portion of alcohol added is 
to dissolve the mononitrototuenes and the dinitio- 
toluenes. The second voluime added dflutes this sohi* 
tion and dissolves any of the nitrotehienes which 
escaped sdution by the fwevious addition. The last 
portion of alcohol serves to dissolve out any remaining 
traces of the impurities, and also serves to wash the 
TNT. 

The coet of this method of purifying TNT is rather 
high. Pure ethyl alcohol is preferable to denatured 
alcohol, because of the action the denaturing agents 
have on the TNT. The coet of the undenatured sd- 
vent is too his^, however, to permit its use unless a 
well-<leveloped plan of solvent recovery is in operation, 
so that practically none of the solvent is lost. 

2. Porificatioii by Sulphuric Add. Hot sulphuric 
acid, 100 per cent concentrated, possesses the property 
of dissolving all three classes of the nitrotoluenes. Upon 
coolirig such a solution, the trinitrotoluene crystallizes, 
but the mono- and dinitrotoluenes remain in solution. 
This property of sulphuric acid forms the basis oi an* 
other mechod of purifying TNT. The solution of the 
TNT in the sulphuric acid is effected in steam-heated, 
lead-lined vats. The liquor is then filtered and cooled. 
The recrystallited TNT must be washed with several 
changeis of water to remove the acid. This method 
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of purifying TNT yieldf a very light-colored product. 
The I068 of TNT is quite high, sinoe about one-third 
the total amount of TNT remains in solution. The 
spent acid from this purificatioi^ which contains the 
dissolved mono- and dinitrotoluenes may be used 
either as a sulphonating acid, or as the sulphuric acid 
portion of a nitrating acid. 

A modification of the sulphuric acid process has 
been patented (1) when applied to a mixture of mono- 
nitrotoluenes and paraflSn hydrocarbons. The nitra- 
tion of the toluene is carried on carefully so as to take 
it only as far as the mononitrotoluene. The mono- 
nitrotoluene is dissolved in sulphuric acid, but any 
paraffins that may be present will not dissolve, and will 
form a separate layer. A separation of these two lay- 
ers and the subsequent nitration of the sulphuric acid 
solution of mononitrotoluene yields a very high grade 
TNT. Thus a toluene containing a comparatively 
large percentage of paraffins may be utilized in the 
manufacture of TNT. 

3. Carbon Tetrachloride and AlcohoL A mixture 
of carbon tetrachloride and alcohol exerts a marked 
solvent action on the two lower nitro-compounds of 
toluene, and this action forms the basis of a patent 
granted for the purification of TNT. The proportions 
of the solvent used vary, certain conditions requiring 
particular concentrations of the two solvents. For the 
npe of this solvent an especially designed filter is needed 
which will allow the mixture of TNT and the solvent 
to be thoroughly agitated directly on the filter medium. 
The method of operation is practically the same as that 
used for the purification by alcohol alone. The vacuum 
filter 18 80 arranged thai when the last layer of solvent 
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hM b6eii wM m Il And tliB filter mi ffl r fi l dnr. thft arMtnitot 
may be reversed and uaed as a vaeuum drier. Hand- 
hng of the TNT ia thiis reduced to a minimmn, lliia 
method is said to be very e£Bciait, the Unm being cmly 
3to7percent. The cost per Ukgram TNT ia reported 
to be about 6 cents. 

4. Pufifleatkm by Sodium Sulphite. One of the 
cheapest and ^uobably one of the best methods of 
accomplishing the purification of TNT by solvent 
means is by the use of a 20-per coit scdution of sodium 
sulphite. Various methods of using this solutiim have 
be^i developed, the two best ci these being given: 

The first method consists in agitating the TNT with 
the hot sodium sulphite solution until the mono- and 
dinitrotoluenes are in solution, then coohng and 
allowing the TNT to solidify in the usual wuy. The 
second method consists in adding the molten TNT to 
the sulphite liquor in a very fine stream. The tem- 
perature of the sulphite solution should not be so low 
that any of the mono- or dinitrotoluenes may escape 
solution, but, on the other hand, should not be higher 
than the meltmg-pomt oi the TNT. The TNT solidi- 
fies in the form of small baUs or pellets, and because 
of this action, the process is known as ^' pelletiUsing." 
Of course, the solution used in the pelletilizing process 
need not be sodium sulphite, as oiher solutions will 
bring about the same result. 

The use of sodium sulphite as a purifying agent 
for TNT always necessitates a wash with 1 or 2 per 
cent sulphuric acid after the sulphite treatment, in 
order to remove the dark color which is imparted to 
the TNT by the sulphite. Following the sulphuric 
acid wash, two fresh water washes shoidd be pven. 
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The sodium sulphite method of jiurif ying TNT is 
very cheap; the figure given by one large producer of 
TNT 18 ifw cent per kilogram. This firm, it is said, 
obtains the sulphite from the waste liquor of the hy- 
droxide fusion in the manufacture of phenol. Assum- 
ing the above statement to be truci the cost of purifica- 
tion per kilogram TNT will be somewhat higher if it 
were necessary to purchase the sulphite. The salt 
need not be chemically pure for this purpose, but it 
should not contain appreciable quantities of the 
hydroxide, carbonate or oth^ distinctly alkaline salts, 
since these salts will darken the TNT so deeply 
that the sulphuric wash may not restore the light 
color. 

5. MechaniCkJ Purification. A very interesting 
method of purifying TNT is in use at the plant of one 
of the largest producers of TNT in the United States. 
This process comes nearer to that used by the Germans 
than does any other American process. It will be 
remembered that in the second stage of the nitration 
a mixture of mono- and dinitrotoluenes forms as an 
oil. The procedure involved in this method is to 
centrifuge the dinitrotoluene and in this manner remove 
this oil. It is said that the oil obtained in this process 
may be further nitrated to TNT, but according to 
Giua and Molinari, and Nolting and Witte, the oil 
consists mostly of meta mononitrotoluene and dinitro- 
derhratives of the same. Will and others insist that 
some of these derivatives at least are not capable of 
being further nitrated without undergoing decomposi- 
tion, or not without great diflbsulty* TheTNTformod 
Iqr the nitration of the thus purified dinitrotoluene 
a rndting^iioint of 80^ C* 
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6. ModiiM 8oif «ttt RroeMS. Still aootlMr iiitoiw 
tttxDg praeest is a modifiotfam of tbs aulphuiie acid 
solvent method. This method hM gsined favor with a 
number of manuf aeturera beceuae of ite timaHmving 
qualities. The procedure with this method is to add 
100 per cent hot sulphuric acid to the mixture of TNT 
and qient arid immediately nOet the nitmticm is ccmH 
pleted. The mono- and dUnitrotoluenes together with 
:r ist of the TNT dissolve in the sulfAurie arid, the 
mixture is cooled and filtered, and the TNT recovered. 
This process possesses the advantage of eliminating <me 
wiashing, and is Ihus to be preferred to the ordinary 
sulphuric arid treatment as outlined above. The 
spent acids may be used in mibsequent nitrations, and 
(he dissolved organic matter recovered in this manner. 

Many other solvents may be used to accomplish 
the purification of TNT. The organic solvents such 
as toluene, acetone, etc., find an especially wide 
application. The method followed with these solvents 
may be either a simple heating of the mixture of TNT 
and solvent until the impurities dissolve, followed 
by cooling and crystallisation of the TNT, or it may 
be a more elaborate scheme somewhat as outlined in 
method 1 above. Well-developed processes have been 
worked out for purifying TNT by solvent means 
using nitrobenzene and nitrotoluene as the solvents. 
The solvents may be purified for further use by dis- 
tillation with steam. (2) 

The recovery of the solvent is a very important con- 
sideration in an efficient plant. This recovay must be 
carried out with a great deal of care, since the concentra- 
tion of the nitro-derivatives in the solvent increases 
as the solvent is distilled off. if the distillation is 
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carried too far, the nitro-oompounda may decompose 
with explosive violence. Two cases are recalled where 
explosions have resulted from an attempt to carry the 
distillation of the solvent used for extracting the mono- 
and dinitrotoluenes to a too-concentrated residue. 
The solubility of the mono-, di- and trinitrotoluenes in 
the hot solvent is naturally greater than in the cold 
solvent. Therefore, although the boiling solvent may 
exhibit no signs of being saturated with the nitro- 
compounds, it may be near the danger point. The 
procedure followed by the writer in solvent recovery 
is to distill the solvent until the volume of the recovered 
solvent is equal to one-half the volume of the solution 
placed in the stilL At this point the distillation is 
interrupted, and the residue, which is twice as concen- 
trated as it originally was, is withdrawn from the still 
and allowed to cool, when the excess of dissolved sub- 
stances will be thrown out of solution. The mixture 
is then filtered, and the concentration will be just the 
same as at the start of the operation. To illustrate: 
Suppose a volume of 1000 liters of solvent saturated 
with 6 per cent dissolved nitrotoluenes is to be re- 
covered; 500 liters, say, of the solvent are placed 
in the still, and 250 liters distilled off. The residual 
liquid in the still now contains 12 per cent dissolved 
organic matter. On cooling, one-half this solute will 
precipitate, and after filtering the cold mixture, 
the solvent concertration will be the same as it 
ori^nally was, --6 per cent. The remaining 250 liters 
may now be mixed with another 250 liters of the 
fresh solution and the process continued. It is not 
probable that the concentration of the residue at the 
point where tlie distillation is interrupted is veiy dose 
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outliiiad it Mtts notliiDg to be on tte safe skie, and 
praetieaDy 100 per eent sdviMit leeov^y, barring ev^H 
oratkm or eaidearaeas, may be aeoompliflhed. 

The atill idilch Is need for the reeovery of the sol- 
vent may be a steam-jacketed stfll of almost any shape 
tor the lower boilinK-point eompoonds. Tor those 
solvents whose boiling-point is hi^^iiar than that of 
water a direct fired still, or cme supplied with hii^ 
pressure steam, is necessary. In cases where ample 
solvents such as alcohol or acetone are to be recovered 
a simple still without any column will do veiy nicely. 
If the solvent is complex; that is, if it is composed of a 
mixture of two or more solvents, and these solvents 
must be separated, a more complicated still with a 
fractionating column is necessary. In this perkxl 
of modem engineering skill, a special still designed and 
built expressly for the one particular purpose for which 
the manufacturer desires it, cacl be bought for very little 
more than a stock still, and wiljl perform its work much 
more satisfactorily. 



CHAPTER VI 
THE INSPECTION AND TESTING OF TNT 

BjT K. K. 9l'EVEMB 

Inspection. TNT is on the market in two grades, 
primarily, crude and refined. The crude has not been 
recrystallized from solvents, while the refined has. Of 
these two grades, there may be several oth^ grades 
based on the melting-point (M.P.) or usually the 
solidification point (S.P.). 

The crude TNT is the more common form in the 
United States and when purchased by foreign govern- 
rrents is shipped crude and either refined or blended 
with other substances. The greater bulk of TNT made, 
up to very recently, has been shipped crude, possibly 
only three plants in the United States manufacturing 
the refined grade in any quantity. In the different 
plants the product is obtained in lots of approximately 
2200 pounds each, called " runs.'' 

The qiecifications usually call for containers, such 
as cases or kegSy which hold from 60 to 100 pounds, 
are lined with oiled paper, and numbered as to ship- 
ment, ''run" and case. The inspector may be ex- 
pected to check the weights, and take samples for 
analysis. 

Sampling. Samples should represent lots of 4000 
pounds, and for eonvenienee a composite sample from 
two runs is often taken. The cases are selected, openedi 
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ttiid the wimphii taken Iran diff frait parts of the eeW| 
mixed, and three l^pounu bottles filled; one eadi far 
buyer, sdler, and rderee, the tatter's bottle bring j 

sealed by the buyw's inspeetor. 

Testioc* Color shoidd be li|^t ydlow for erad^ 
cream for rdined. 

.Comment. The color changes raindly when exposed 
to stroug li|^t, suiiilight changing it from yellow to 
orange in fifteen to twenty minutes, although tiie deeper | 

shades of yellow .are not an indication of impurity. 
The brownish grades should be inspected, though not 
necessarily condemned in the crude grade without con- 
firmatory tests. 

In the refined grade the color may vary with . the 
solvent used in recrystallising, but should usually be 
of a light cream, melting to a clear light brown, not 
darkening appreciably at 100^ C. for two hours. 

Fineness. For crude, 90 peat cent shall pass 
through a 10-mesh sieve. For refined, 99 par cent 
shall pass through a 12-me8h deve. For exploders, all 
shall pass through a 30-mesh rieve. 

Comment. The crude may contain frequently 7 to 
8 per cent of lumps larger than specified, but is usually 
O.K., always being sieved before packing, and the'lumps 
forming on the sides of the crystallising tub have been 
allowed, intentionally or accidentally, to get in the 
sieved product. 

Moisture. Moisture shall not be more than 0.10 
per cent for crude or refined (some specifications allow 
0.15 per cent) and shall be determined by 
2 g. over sulphuric acid for twenty-four hours. 

Comment The method is efficient, and will remove ' 

as much as 30 per cent moisture in the time s 
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Addity* There must be no acidity. This deter- 
mination 18 made l^ shaking 10 g., melted, with 100 
c.e. boiling water (distilled) allowing to cool, pouring 
off the water extract into a flask, and reserving; the 
operation is repeated with 50 c.c. distilled water, adding 
the second extract to the first. The combined extrac- 
tion is titrated with N/20 caustic alkali, using phenol- 
phthalein as indicator. 

Other specifications less definite are as follows: 
Shake 5 g. with 100 c.c. distilled water in a 100-c.c. 
graduated cylinder one minute, adding blue litmus 
papar and stand thirty minutes, with occasional shak- 
ing. The paper must not show any acid reaction at the 
end of this time. 

One specification allows OXXi per cent acid calcu- 
lated as sulphuric. 

Camtnenl. The method of the first specification 
seems better, although any sodium bicarbonate wash- 
ing (not used at present) will give acid reaction at 
this point, whereas methyl orange will give only the 
mineral acids. The litmus paper shows acidity with 
phenolic compounds as well as acids, but if the deter- 
mination is carried out as specified, there will be no 
color to the litmus paper, it having been completely 
bleached, and any acid reaction is more or less doubt- 
fuL The method may be modified as follows: Shake 
5 g. with 400 C.C. distilled water one minute, filter, 
stand 5 minutes and add the litmus paper; any acid 
Maction will be detected in two minutes. The litmus 
might be used instead of titrating in the first 
method. 

Tntjoiubto inatttt must not exceed 0*16 per centi 
18 determined by boiling 10 g. with 160 e.e. of 06 per 
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eoit aleohol, leolleeted on a wdi^bed Ck)odi enicflble, 
waahed with wA mora than 180 ex. of OS per cent al» 
eohol, drying al W^ C. one hour and woii^hin^ 

8<MDe qweifieations eall for bensene as the solvent 
and allow 0.10 p^ cent for r^ned, 0.15 per eoit for 
medium, and 0.20 per eent tat crude. 

Ccnntient. The method is effirient. 

Turbidity in the wash water is one cause for Ui^ 
insoluble matter, and another cause is alloaring the 
TNT to stand too long in the lead-lined wash tanks, 
the acid attacking the lead and forming lead salts. 

Ash In crude TNT must not exceed 0.10 per cent, 
determined by igniting 1 g. in a platinum crucible, 
allowing to bum slowly and igniting completely, pre- 
caution being taken to prevent loss of ash. 

Comments. The sample should be heated, ignited 
directly with the flame, and allowed to bum without 
first melting; if melted and then heated further, the 
sudden combustion will expel it from the cracible. 

The sixe of the sample should be about 2 grams, 
taking into consideraticm the low percentage of ash 
present. 

The residue called ''insduble mattw " mi|^t be 
conveniently used for the ash determination. 

Some specifications call for sulphated ash, probably 
to avoid loss of potassium or sodium salts during 
ignition. 

Ash in refined TNT for exploders must be less 
than 0.05 per cent. 

Nitrogen. Cmde TNT must contain not less than 
18 per cent nitrogen determined by the Dumas combus- 
tion method. 

Refined TNT must contam not less than 18.20 
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per cent nitrogen determined by the Dumas combus- 
tion method. 

C&mtnenL The Dumas method, standard for nitro- 
gen, requires little commenti results being very satis- 
factory, although it is necessary to make determina- 
tions on a substance of standard nitrogen content. 

The method requires from one and one-half to 
three hours, and unless the chemist possesses several 
furnaces, not very many determinations can be made 
daily. 

For the nitrogen determination on many organic 
compounds, the Gunning-Arnold method or modifica- 
tion of it has been used. The only modifications 
reported to be satisfactory for trinitrotoluene or other 
nitro-compounds are the zinc dust reduction by W. C. 
Cope, U. S. Bureau of Mines, and the use of nitron 
as reagent by W. C. Cope and J. Barub. (1)* 

The nitrogen determination is important, although 
if the melting-point or solidification point is up to 
specification, the nitrogen is seldom below. 

In many instances it is common practice to average 
several samples for the determination of nitrogen. 

Diphenylamine Test Crude TNT shall contain 
no products which will give the nitric add reaction with 
a sulphuric add solution of diphenylamine. The deter- 
mination is made by shaking with 60 c«c. distilled water 
in a graduated glass-stoppered cylinderi standing fifteen 
minutes, filtering and testing a few drops of the filtrate 
by adding to the diphenylamine solution* No nitric 
add reaction should be obtained. 

Commenti. The blue color diaracteristie of this 
reaction is readily recognised and the test is extremely 
delicate. 
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Clin miisi be taken that ▼eflBds am fMe from tn^ 
of nitrie aeid or nitratesL 

Sinee otlier mnAinnw Acmta. mdi aa ehloriiie* 
ehloratea, bromates, ete., will raqKmd to this test, it 
18 of mora value, as a negative teat, and fairly pod- 
tive, because the oxidizing mifastanoes mentioned are 
not likely to be found in trinitrotoluene. A pale Mue 
odor is n6t ciHifimiative; the eplor should be a deep 
blue. 

Melting-pdnt The melting-point of erude TNT 
must be 75.5^ C. or hi^cr. 



Note. This is the meaii, some spccificatioiis ddliiig for a 
melting-point of 74.5'' C. others 76.5* C. 

Medium TNT must have a melting-pmnt of 79.5^ 
to81.5^C. 

Refined TNT for expkxlars must mdt f rmn 80"" 
to SLS"" C. 

CinnmenU. Methods for obtaining melting-points 
are not usually given in the specifications, but it is 
absolutely necessary that a definite procedure and 
definite apparatus be agreed upon. The following 
pmnts should be taken into consideration: calibrati<m 
and stem correction <rf thermometers, size of tubes, 
amount of substance taken, rate of melting and vessd 
of liquid to be used as bath. 

The foUomng is given by H. B. P. Humphries, 
engineer: 

Apparatus and Mediod. A beakar of 1500 c.c. 
capacity should be filled three-quarters full of distilled 
water, heated by an adjustable Bunsen burner, arranged 
with a mechanical stirrer with the center of the blade 
level with the thermometer bulb, clearing it by } inch. 
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The thermometer should be graduated in tenths of a 
degree, and lowered so that the bulb is one-third the 
height of the beaker from the bottom and 1 inch from 
the side. 

Tubes should be made from thin walled 6-inch by 
|-inch test tubes drawn out into iV inch internal 
diameter, cut into 3-inch lengths, and sealed at 
one end. 

Set stirrer going and heat rapidly until temperature 
is about 15^ below the melting-point. Meanwhile 
introduce a ^ to {-inch cohunn of the powdered sample 
(previously dried to remove moisture) into a tube 
and tap and tamp down gently. Attach the tube to 
the thermometer by a rubber ring so that the center 
of the column of material is level with the center of 
the thermometer bulb, and replace thermometer as 
before. Reduce the heat so that the temperature 
rises 1^ in two or three minutes. The slower rate 
should be adopted if several determinations are to be 
made at the same time. 

Readings, Note the temperature when: 

(a) The first globule of melted material is observed; 

(6) The material is half molten and half unmelted; 

(c) The melting is complete and the clear liquid 
is obtained in the tube. 

Record these readings, and call (6) the uncorrected 
melting-point. 

Collected IfJP. Correct the readings for exposed 
mercury stem as follows: While the thermometer is 
registering the approximate melting-point, place a drop 
of melted diphenylamine on the stem and allow to 
flow down. For a small distance above the water 
surface the diphenylamine wiU remain molten; above 
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thb it win wlidify. Note the point eepenting the 
ioUd from moltoi diphenylamiiie. 

Then, if J\r-number of degrees of mereiiry stan ex- 
posed above this point. 

Tm surrounding air temperature, and Tm mdting- 
point, the eorrection is, N{Tm - Tm) XO.OOO]|S4. 

Add this correction to the recorded temperature 
(6) for the corrected M.P. 

The grading of the TNT bdng ahnost oitirely de- 
pendent upon this detenmhation, the method should 
be carefully followed. 

CommenU. The tubes above mmtioned seem too 
large in diameter, and a tube 1 mm. or less in diameter 
would give a result closer to the real melting-point. 

One quarter of an inch of the substance is enough, 
because the higher the column, the more difficult it is 
to decide when half is melted completely since this com- 
pound does not always melt in one place in the tube, 
but often at the top and bottom simultaneously and it 
is left to the operator's judgment, at which point the 
reading is to be taken. 

The three readings are taken as a check upon each 
other. 

Sottdifying-^int The uncertainty of the M.P. 
is avoided to a great degree, when the solidifyiog-pmnt 
is determined. Only one set of specifications gives the 
method which is given by E. M. Weaver, Brig. General 
U.S.A. and Chief of Coast Artillery, in his bode on 
/' Notes on Military Explosives." 

Method. Place 200 to 250 g. TNT in a dry 
porcelain dish of 15 cm. diameter and 500 c.e. capacity. 
Melt below 90^ C, remove heat and stir with thermom- 
eter. The temperature falls gradually until TNT 
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begins to crystallize, when it rises. Ck>ntinue stirring 
until the highest temperature is reached. This is the 
solidifying-point. 

Comments. This determination is more apt to give 
consistent results, and is simple enough so that the 
different operators usually check closely. 

It is more accurate, since a largier sample is used, 
and the point of taking the reading more defined than 
in the M.P. determination. 

The above method is followed, without adhering 
to the size of the dish. The majority of chemists use 
a smaller dish, or test tubes and beakers without 
varying results. 

Although the M.P. and S.P. are generally considered 
the same, there is some difference, reports from differ^ 
ent chemists showing the S.P. to be in some instances 
higher and in others lower than the M.P. Some 
report identical results for the two. 

The writer (Mr. Stevens) has noted that where the 
M.P. was hi^er the TNT had been dried at SO"* C. 
and where lower, the undried sample had been used. 
Further evidence is necessary for a decision on this 
point. 

StabUi^ tests are not usually required on crude 
matmal, although some specifications have required 
it on refined as follows: 

About 3 gt of the substance is placed in a 6-inch 
test tube having a strip of potassium iodide starch 
paper suspended on a glass hook which passes through 
the stopper. The tube with contents is placed in a 
bath and heated to 65^ C, for from fifteen to thirty 
minutes (dqiending on specdfication). No blue edor 
showing presence of nitrous acid shoiild develop. 
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This last it the '' Abel " keat test, usueDy used on 
less stable nitro^compouiids. 

Biiiee the above paper was writteni many short 
euts and inqirovemMits have been made in the methods 
of analysis. The more important of these are: 

iMjdienjIamine Test Much diflBeulty was eneoim* 
tersd in this test, because of the low eoncentration 
.of the oxidising substances (nitric acid) and also 
because of the dilution of the Uue color when a 
positive test was obtained ; therefore the foUowing mod- 
ification was developed and adopted by at least one 
government as ofiicia). 

The TNT is shaken with SO c.c. distilled water in a 
stop:iered cylinder, allowed to stand fifteen minutes, 
filtered, and 1 c.c. of the filtrate added to a similar 
v&lume of a 2*per cent soluticm of diphenylamine in 
concentrated sulphuric acid; by pouring the filtrate 
cautiously down the side of the tube. The two solu- 
tions should not mix, but should form a two-layer 
system. If any nitric acid or other oxidizing substance 
is present, a blue ring will develop at the junction of 
the two layers. This modification is more delicate than 
the original method, because when the two solutions 
are kept apart, any blue that develops may be readily 
seen, since it is concentrated at one point and not 
diffused through the solution. This modificaticm also 
removes danger of bleaching the blue color by the heat 
caused by the mixing of water and sulphuric acid. 
While it is true tlmt there b a slight, amount of heat 
generated at the junction of the two layers, yet this 
he&t is nothing near that which results from the 
actual mixing of the two solutions. 
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A pale blue ring is reaUy not significant because < 
the extreme sensitiveness of the test. In fact watc 
oftoi contains suflident oxidising agents to produc 
a quite deep bhie color. One case is recaUed whei 
double distilled water produced a test with diphenyli 
mine when the test was i^yplied in the above mannei 
To be absolutely sure of results, the water should b 
distilled once in the ordinary manner, then should b 
distilled with an alkaline solution ojf permanganate 
Even with this precaution, the water should always b 
tested; or in other words a blank should be run aloni 
with the determination. 

Another posrible source of error in the diphenyla 
mine test is in the sulphuric acid used to make the tes 
solution. In many cases I have found the sulphuri 
acid to contiun sufficient oxidising substances to tun 
the entire test solution itself a deep blue. Obviously 
such a solution cannot g^ve accurate results. The tes 
solution, when property prepared is water white ii 
color. 

Melting-point An excellent modification of thi 
apparatus used for the determination of the melting 
point which is described by the writer of the foregoini 
methods of analysis of TNT, consists in enclosing th< 
thermometer, which of course carries the melting-poin 
tube, in a glass tube, closed at one end and whid 
extends into the heating bath as outlined above. Thi 
tube should be long enough to enclose the thermometei 
to such distance as the mercury column may rise. Thii 
procedure provides an air bath for the mercury colmnn 
the samide being included, and reoden corrections foi 
the exposed stem really unnecessary, nnce with thii 
modMcation the ooffteetion is so small as to be aeglif 
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tef it f urthttniora m MsumiM that the ^ft—iift vj31 
watch hh detarmination very eloady, f or thk reaaon: 
The tennperatuie of the watv outside the air bath may 
eaaily be 5 to 8* in advance of the temperature inside 
the tube. If the water is heated too f ast^ therefore, 
the temperature of the thermometer will rise qieedily 
above the inelting-point of the TNT, and this rate d 
rise will be too great (m the operator to note the three 
points which determine the melting-point. The rate 
of rise of the thermometer is now officiaUy i\r^ per 
minuie. This insures close watch upon the part of 
the chembt, and if he be conscientious in his work, 
the various determinations will check to i\r^ Fur- 
thermore, the danger of superheating is eliminated by 
the slower rate of heating. Concerning the three points 
which are taken as the melting-point reading, it has 
been said that these three temperatures are taken for the 
purpose of insuring the operator's close attention during 
the entire melting* One thin^ I have noticed is that 
chemists are inclined to slight the melting-point deter- 
mination; that is, to perform it in a ** don't care'' 
manner. Anything or any modification that will 
insure the chembt's attention, while not lessening the 
accuracy of the method is well worth while in any lab- 
oratory. 

A new test that has recently been imposed on TNT 
is an analysis ci the ash for heavy metals, especiaUy 
lead. This determination is considered necessary be- 
cause of the use of TNT with picric add. This latter 
explosive forms an especially unstable compound with 
lead, and for this reason the metal must not be present 
even as traces. Lead may creep into TNT throuf^ 
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aUowiiir the acid TNT to stand in lead-lined tanks for 
. a considerable period of time, or through insufiScient 
washing. In connection with the above statement and 
requirement an analysis of the ash of TNT which was 
carried out for the purpose of determining the amount 
of sodium present in the ash, is interesting. It was 
found that some of the TNT offered for inspection was 
quite unstable, even exploding on attempting to ash 
it in the determination of the ash. It was suspected 
that some soditmi compound of the TNT eadsted in the 
material, and that this was what was caucdng the 
trouble. The possibility of the sodium compounds 
remaining in the TNT from insufficient washing after 
the chemical wash was realized, and the determinations 
were carried out in such a manner as to retain all the 
sodium in the ash. Some difficulty was encountered 
from the tendency of the TNT to ignite suddenly — 
a miniature explosdon, in fact — and blow the entire 
mass out of the crucible. Thb occunred, it was found, 
at a temperature of about 155^ C. Therefore a very 
large crucible with a cover supported by a glass tri- 
angle was tried, and was found to be peri^ectly satis- 
factory. The ash analysis on two samples showed 
the folloffing percentages. (See page 74.) 

The various compoimds of sodium are the result of 
the ignition (in ashing) upon the impure salts used in 
washing. The iron and silicon no doubt result from 
the action of the add upon the nitrating kettle, which 
is usualty of a high olicon cast iron. 

The results indicate, insufficient washing in both 
eases, and the percentage of sodium is no doubt high 
cnougji to cause the trouble encountered 

The TnnA lead btoek test for TNT imd other ex* 
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pIodveB 18 a measure of the power of the explodve to 
eiilarge a hole in a certain size block of lead. The 
method of perfonning this test comdsts first, in pre- 
paring lead cylinders 200 mm. in height and 200 mm. 
in diameter. In the axis of the cylinder is a hole 
125 mm. deep and 25 mm. in diameter* These cylin- 
ders are prepared from the finest grade of rdBned soft 
lead. The casting is made in a mold which casts the 
central hole as well as the cylinder, thus eliminating 
errors from drilling. For comparative tests on various 
explosives, the blocks for the several tests should be 
made from one mdt and should be cast at the same 
time. After casting, the blocks should be allowed to 
stand until thqr have acquired a miif orm temperature 
of 15 to 20* C. The charge for the test is made up of 
10 g. of the explosive, carefully wdg^ed out, and then 
wrapped in a piece of tin foil of the sise and shi4)e shown 
in the Ulustntion. 
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This tin-foil wrapping should be made of foil weigh- 
ing 80 to 100 g. per square meter. The charge is 
wrapped in such amanner that a cartridge of the exact 
axe as the diameter of the hole is formed. After the 
cartridge is completed, an deetrically detonating charge 
of 2 g. is inserted in the center of it^ and the whole is 
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praaed into phM io the lead falodc flMdryaharp 
■and cf M nwih w Sdct is teoqied io €tt top cf Um ctf- 
tvidfeB to fin the hole. The cherse ie then filed, end 
after firiiiK; the lead blodc is inverted and any l eai di ie 
ii ronoved with a bnnh. The hole is tfien filled with 
wattf , the ▼ohane of the water meaeinedy and the 
vohuiie of the oriipDal eairity b eubtiaeted from the 
final volume. The remit expresBes the power of the 
explosive. 

The TraosI test is very good for explottves of the 
TNTdaas. TNT itsdf pves a Trausl test of 290 e^ 
This figure urill vary somewhat with the lead used, and 
with the operator. 

Bfany other tests have been invented fw the deter- 
mination of the power of exploaves. One of these 
depeads upon the amount of sand which is crushed 
by the explodon of a certain amount of the explottve. 
^lother depends upon the compression of a piece of 
metal by the charge of eacplosive bmg placed on top 
of the metal and then exploded. In all probability 
the Traus! test gives as good a comparative test as 
any othar method, and it is easily porformed, is not 
expensive, nor dangerous. 






CHAPTER VII 

THE PHYSICAL AND CHEMICAL PROPERTIES 

OF TRIOTIROTOLUEMK 

The physical and chemical properties of the first 
three trinitrotoluenes — ^the alpha, beta and gamma — 
are quite well known, since these isomers have been 
known for some time, and have been prepared in suf- 
ficient quantities to enable research, which has em- 
braced many reactions, to be carried out. The last 
three trinitrotoluenes — ^the delta, epsilon and seta — 
have been discovered in too recent years to enable the 
scientist to reach definite conclusions concerning their 
chemical reactions. Practically all that is known con- 
cerning these last three isomers is the melting-point. 
So far as the commercial manufacture of TNT is con- 
cerned, the chemical and physical properties of the 
alpha, beta, and gamma trinitrotoluenes are of vastly 
more importance than the properties of the others, 
because the first-mentioned isomers constitute prac- 
tically 100 per cent of the TNT. Narrowing down the 
relative importance still mora, it is found that interest 
has centered on but one of the six trinitrotoluenes — 
the alfdia. This is because the alpha or ^symmetrical 
trinitrotoluene f onus about OS per cent of the com- 
mereial prodoet and the reactions of this product are 

77 
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fOTorned almoflt mtir^ bgr the iwctipm of the abor»- 
mnitioiied iBuiiMf • 

The ttraetund foraiiila of tlM ais tridftrotohiencB 
nay be dengnftted thus: 



CHs 

NOs 









CHs CHs 



The melting-fKMiit ef the in^^ tmitrotohieiie hae 
been the subject of mudi dtseusBioii. The eerlier 
ehemieUi determiiied the melting-poiiit of thia JaoBwry 
end finally eoncluded that it melted at 82"" C. Mora 
refsent reaeareh on this subject indicates that the true 
meAting^pobt is lower than that figure. Many chem- 
ists are loath to accept the lower melting-point because 
in several cases TNT has been prepwed that melts 
at just about 82^ It must be rraiembered, however, 
that the commercial product contains, aside from the 
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alpha trinitrotoluene, varying quantities of both the 
beta and ganuna isomcTs. Moreover, the melting- 
poi^t of both these last isomers is considerably higher 
than that of the alpha. It seems logical to assume, 
in view of this fact, that the higher melting-point of 
the product is due to the presence of the beta and 
gamma trinitrotoluene. In any case if these two 
isomers were present in the form of ''impurities,'' 
they would certainly exert some influence on the melt- 
ing-point, and since the highest melting-point that 
has been obtained is 82^ C, it is entirely logical to 
assume that the melting-point of pure alpha trinitro- 
toluene is lower than this figure. 

When the alpha trinitrotoluene was isolated, it 
was the only one of the six that was known, and even 
had there been present considerable amounts of the 
beta, gamma, or other isomers, no means was at hand 
for identifying them, or for separating them from tJie 
alpha. It was under these conditions that the melting- 
point of the first trinitrotoluene was determined, and 
it seems to be a very evident fact that the melting- 
point as determined by the earlier chemists was not 
the melting-point of pure alpha trinitrotoluene, but 
was a melting-pmnt of a mixture of the isomeric tri- 
nitrotduenes. The melting-point as determined by 
recent investigators varies from 80.5 to 80.85^ C. 
Comey jEives a melting-point of 80.5 to 80.6. (1) 
Ghia and Molinari state 80.85. (2) Rintoul's deter- 
mination 9ve8 80.8 to 80.85. (3) These determina- 
tions are so doee together that the mean of 80.65 
may be adopted without any serious error, even con- 
sidering the true mdtiDg-point to be at the lower or 
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Emk •! the trintoatoi— qytaBiwi k 
TI10 foiiDs «f Ihi fimk three hnm baa 
No lef oeBMa an al iMndt how m i tf, to 
qyataUiiie gtcu c tefl o ol tlio lart three 
A^iho triiiitrotolimo fijnteHiBni io kns 
whidi bdong to the nonodiiiie ^yilCBi ood 

Bete trinitrotofaMne cfyeteDnce in thai pletee of 
desdiDg white eolor^ behmgpig to the 

The cr3f8tell]iie form of the cunma 
eryetalliaed ffrran eeetone, is fhombohednl ctystehy 
which possesB duurp ectgee, end whidi bdeng to the 
bimehypinaeoidal daae. 

The Bohibilitiee of the eirha, bete end cunma 
trinitrotohieiies are vefy mudi the same. There are 
dight variancee, it is true, but these are eo slight as 
to be of no account; for instance, all three isomen are 
very sli^tly soluble in cold water; slightly soluble 
in cold alcohol; and very soluble in cthH*, acetone, hot 
i^ial acetic acid, etc. Alfrfia trinitrotohime is very 
soluble in hot alcohd, iriiile beta and gemma isomen 
are '' moderetdy " soluble in the same substance. The 
qgecific sohilnlities <tf alpha trinitrotohime are: 
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Cold water, .021 per cent. 

Cold alcohol, 1.6 per cent. 

Hot alcohol, 10.0 per cent. 

Cold 100 per cent sulphuric acid, 6.6 per cent. 

Hot 100 per cent sulphuric acid, very soluble. 

Ether, toluene, acetone, ligroin, etc., veiy soluble. 

Frepamtion. The alpha TNT is prepared most 
easily by the direct nitration of toluene. There are, of 
course, varying amounts of the beta and gamma isomers 
formed. These may be removed from the alpha isomer 
by the means outlined under the preparation of the 
beta and gamma trinitrotoluene in the following parar 
graph. 

For the preparation of the beta and gamma trini- 
trotoluenes 100 parts concentrated nitric acid (which 
has been distiUed from twice its weight of concentrated 
sulphuric acid) are placed in a flask. Two parts of 
meta mononitrotoluene are then added cautiously. 
After the first violent reaction is over, twenty-five parts 
of concentrated sulphuric acid are added with cooling. 
The mixture is then allowed to stand for twenty-four 
hours, being heated during this time to boiling. The 
boiling should not be violent, but should be rather quiet. 
Upon cooling the reaction mixture the beta and gamma 
trinitrotoluenes will separate out. The precipitated 
mass is well washed with hot water, and then dissolved 
in hot alcohoL Upon cooling, the gamma isomer crys- 
tallises first, and thus a crude separation may be made 
in this fractional erystallisatioiL To extract the 
beta isomer fram the mixture it may be agitated with 
carbon bisulphide. The beta trinitrotoluene dissolves, 
wliib the ganmia lemains as a residue. Uponevapor»- 
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ting off the caibon hiralphkle, the beta TNT magr be 
obtained in eiystalliiie fonn. Both imners magr be 
further Cfystallised by dissolving in hot aleohol and 
cooling the sohition slow^. The cfystab thus formed 
are very ^ompaet and pure. Any alpha TNT may be 
separated from the other two iscHners by fractional 
precipitation from alcohol, the alpha being slii^tly 
more soluble than the others. 

Chemical Pn^rties. Th^ are many well-known 
reactions in which the three first isomers participate* 
Some of these reactions are little better than theoretical, 
and for this reason will be (Hnitted in this discussion. 
The object in describing the few reactions given is to 
include such reactions as may 'form a basis for the 
separation of the trinitrotoluene^, or which may be of 
interest to the manufacturer or user of TNT. 

The alpha, beta, and gamma trinitrotoluenes all 
react with aniline, ^ving distinctive products. The 
idpha trinitrotoluene compound with aniline is the 
product of an additive reaction only. Tlus compound 
crystallizes in long glistening needles, dark violet in 
color, and has a melting-point of 83^ C. The crys- 
tals themselves are the same physically as these formed 
when triiiitrobenzene reacts with aniline, and therefore 
cannot be used as a means of differentiating between 
trinitrobcnxene and trinitrotoluene. The reaction pro- 
ceeds according to the following equation : 

C^HsCHs • (N03)3 +C<H6NH3 

-^C«H3CH3*(N02)3C«Hft*NH3. 

Beta and ganmia trinitrotoluenes react with aniline, 
but the product formed is not an additive compound 
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as in the case of alpha trinitrotoluene. Beta triuitro- 
^ toluene is rather indifferent to the presence of aniline 
at first. After a time the solution acquires a red color, 
and a vapor is given off. To accelerate the reaction, 
the mixture is heated in a sealed tube for four or five 
hours. During the heating a strong pressure develops 
in the tube. On opening the tube and removing the 
contents, it is found that two distinct substances are 
present: The first of these is a brownish fluid, and the 
other is a faintiy crystalline mass which also has a 
brown color. Good crystals of the latter substance 
may be obtained by crystallizing from acetic acid, 
the solution being decolorized with animal charcoal and 
filtered before the crystallization is allowed to cool. 
Two ciystallizations give a very pure substance, which 
crystallizes in short gold«colored needles, and which 
melts at 94® C. This substance is beta-nitroto- 
ludin. 

Gamma trinitrotoluene reacts with aniline readily 
in hot alcoholic solution. Boiling for several hours is 
necessary to carry the reaction to completion. Orange- 
colored crystals finally separate which are insoluble 
in cold alcohol. The first mother liquor from this 
ctystallizataon reacts with hydrochloric acid giving a 
gas. Hepp states that this gas is very likely the result 
of the reaction oi a diazo compound. The reactions 
by both the beta and gamma forms of trinitrotoluene 
and aniline are the same, but the beta form seems harder 
to start. The reaction may be r epresented by the fol- 
lowing equation: 

GA-GHs*(N0a)«+3CA'NHs -* 
GA*Ns«NH«GA+CA*CHa*(NOt)s*NH*GA. 
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DimelliylAiiiliM raieto with the tluw trinitratalu- 
f ffcfa in tlig Mine ifmT> ffiT as the aniliDey the ifUftiMftg 
products, of eoune, bring dimethyl eonqKNiiids. 

These leeetioiis divide the three triiiitrotohieBes 
into two disUnet ehusses. Alpha trinitratcrfiiene con- 
stitutes the one class, in which one molecule of trini- 
trotduMie reacts with but one molecule of aniline or 
dimethyhuuline while in the second dass, one moleeule 
of either the beta or ganuna trinitrotohienes reacts 
w.th three molecules of the base, forming decomposi- 
tion products instead of one addition product. The 
property of forming addition products seems to hinge 
upon the ^mmetrical positions of the nitro-grolips. 

All .three of the above mentioned trinitrQtoluenfc.^ 
form comiM>unds with the alkali hydroxides. As in 
the case of the aniline reactions, a distinct difference 
exists between the reacti<m ot alfrfia trinitrotoluene 
and that of the beta and ganuna isomers. The alfrfia 
isomer reacts with sodium hydroxide — two molecules 
of the former reacting with one o( the latter — ^forming 
an unstable condensatiop product. Sodium salts of 
this product are very unstable, also, and are sometimes 
formed in the reaction: 

2C6H2 • (N0a)3 - CHs +NaOH 

-» (NOa)3CeH3CHaCH3C«Ha(NOi)3. 

The beta and ganuna isomers react in the ratio of 
one molecule of the trinitrotoluene to one molecule of 
sodium hydroxide. Instead of the product being a 
condensation as with ali^ trinitrotoluene; a deriva- 
tive of cresol is formed. The sodium salts of the dini- 
trocresols have much the same prc^ierties sa the 






FROFERTIEB OF THE TRINITROTOLUENES 85 

piermtes, being very unstable. These leaetaons explain 
idiy the sodium ocmipounds of TNT explode with such 
ease^ and why care must be used in selecting the salt 
used in the washing of the crude product. The reac- 
tions of the beta and gamma isomers are, reflectively: 

CcHa*(N02)s*CHs+NaOH* 

-^ C<iHs* (NOs)s(lM) CHvOHCS). 

C«Hs- (NOs)sCHs+NaOH 

-^C«Hs(NOs)s(lM)CHsOH (5). 

It will be noted that in each of these reactions the 
nitro-group that is meta to another nitro- group and 
ortho or para to the methyl group does not react. 
This is exactly what would be expected from the orien- 
tationof the nitro-group, because the meta position to 
the methyl group is the unnatural position for the nitro- 
group, and with a basic substance such as NaOH it 
would be expected that it would be the one affected. 

Sodium hydroxide is not the only salt that will form 
these unstable compounds with tiie trinitrotoluenes. 
Hepp (4) found that even the carbonates of the alkalies 
gave precipitations of a dark brown substance on the 
solution being treated with acid. He filtered this 
mixture, and on extracting the residue with ether 
obtained '^ a small amount of an oil, which is probably 
a dinitrocresoL'' Later Hepp identified his substance, 
and proved conclusively that it was a dinitrocresol. 

Alpha trinitrotoluene reacts with naphthalene in 
beoBol solution to form a needle like substance melting 
at 07 to 98* C. Beta trinitrotoluene and gamma 







wilk MiiittMihM Bote 
trifiitTOloliMM iweU nlhcr diflinllljr, aad Ihi ioln. 
tion onift be hot, and Mt too oooenttstod. Tho 
cunma iMMMricoete imidi caacr tluui tlio bet% but 
Bot quito fo ftrify as the alpluu (5) Tho anatyaa of 
of the three trinitrotohiene-iiaphthalene oonqMNmds 
proves them to be addition eom p ooii d s. The sub- 
stoiicefoniiedhastheformidaC«Hs(NQt)3-CH9-CioHs. * 
The color <tf all the addition ecMnpounds of trinitrotolu- 
ene and naphthaloie is yellowish-white. The mdting- 
pointsare: Alpha, 07 to 98^ C; beta, 100^ C; gamma, 
88 to SO"" a 

Anthracene reacto with all of the trinitrotduenes 
similarly to naphthalene, addition compounds being 
formed. 

A further reaction with sodium carbonate has been 
discovered by Will. (6) He has obtained a reaction 
between the beta and gamma isomers and 1 per eent v^ 
sodium carbonate solution in which reaction dinitro- 
tolyloxides aro formed. The salts of this compound 
aro very explosive. 

The reactions of all six isomeric trinitrotoluenes with 
alcoholic ammonium sulphide are known.^ Aside from 
the compounds formed, the color of the solutions 
aro differont in each case, and form a very good 
method of determining which trinitrotoluene is 
present. 

Alpha trinitrotoluene gives a deep red color. 

Bete trinitrotoluene gives a greenish-yellow color. 

Gumma trinitrotoluene gives a blue color. 

Epsilon trinitrotoluene ipves a rose red color. 

Zete trinitrotoluene ipves an orange color. 

This reaction, as described by Tiemann (7), pro- 
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oeeds thus, to use Tlemann^s words: ** If trinitrotoluene 
(the alpha modificatioiL was used by Tiemann) is 
covered with strong alcoholic ammonium sulphide, 
a violent reaction takes place. The solution becomes 
first red, then seethes gently as the trinitrotoluene dis- 
solves. Soon a .nixture of sulphur and small yellow 
crystals separate. Boiled down the mixture leaves a 
residue which in dilute hydrochloric acid gives a basic 
compound. This compound, when precipitated by 
ammonia and crjrstallized from water, .forms small red 
prisms, melting at 132^ C. These crystals cannot 
be sublimed without decomposition • • • Alcohol ex- 
tracts from the resddue left by the hydrochloric acid 
treatment, a second compound, which, when freed from 
sulphur forms small yellow crystals. • • • It is probable 
that the compounds formed are respectively nitro- 
diamidotoluol and dinitrotoluol." 

Sudborough (8) has succeeded in forming addition 
compounds with alpha and beta naphthylamine and 
alpha trinitrotoluene. These reactions take place 
at moderate temperatures in alcoholic solutions. 

Thide aad Escales (9) report that stilbene deriva- 
tives are formed by the mction of alpha trinitrotoluene 
and either beniaJdehyde or piperidine. The reactions 
probably proceed thus: 

CA*(NQi)9-CHt+GA*CH0 

-^(NQi)fCA*CH : CH*CA. 

The naetkNi with ppeiidine will not form a true 
•tSbeDeb but a hexahydioasostilbene. These reac- 
tions an important from a eoimneroial standpoint^ since 
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• 

thiB ftUboiw ttn thtt bttns ftoni iriiidi tswil im- 
portant djres ate made. 

C(^ira and Da]dn^(10) investigating mora tiiof^ 
ou^y the reaction diaoovered by TSfmann, to wbkh 
rrftfenoe is made above, identified the product from 
the reaction of ammonia and hydrogm sulphide on 
trinitrotoluMie as dinitrotolylhydroiylamine. Dini» 
trotoluene also reacts similarly with this reagent. The 
trinitrotoluene reaction takes place thus: 

C«Ha • CHs • (NQs)s +HaS +NH4OH 

-«C«H»CHs- (N(>t)tNHOH. 

• 

On oxidation trinitrotoluene yields trinitroboisoie 
acid. These acids are important because Meyer's 
esterification law was established by the preparation 
of the symmetrical trinitrobensoic acid. Until 19149 
but one of the acids — the symmetrical — ^was known. 
In this year Qiua discovered the second and third acidSi 
which he prepwed from the beta and gamma trinitro- 
toluenes. The trinitrobensoic acids are named accord- 
ing to the trtnitrotdluene from which they are 
prepared. 

Heating results in the ultimate decompontion of 
TNT* Verola(ll) found, while conducting experi- 
ments to determine the vapor tension of TNT, that 
beginning at 160^ C. a steady evolution ci gas took 
place. He therefore investigated the behavior of the 
substance at varying temperatures, measuring the gaa 
evolved. The quantity employed by Verda was 5 g. 
The temperatures investigated were 160^, 180^ 201^, 
and 217.5^ At 160"" the TNT decomposed very slowly^ 
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and a very slight volume of gas was given off. At 180^ 
the decomposition increased, 8 cu.mm. of gas resulting. 
The quantity of gas increased steadily until at 217.5* 
the volume of the gas was 200 cu.mm. per minute. 
Upon heating the TNT still higher, it was found that 
very rapid decomposition took place at 281 to 286^ 
Yerola determined that the reaction was exothermic. 

As would be expected from the results obtained by 
Yerola, the heating of TNT lowers the melting-point 
apimciably. Starting with TNT melting at 80.75* 
the results obtained by the same mvestigator summarise 
thus: 

5 hours heating at 180 gave M.P. of 78*. 
2| hours heating at 201 gave M.P. of 77*. 
I hour heating at 217.5 gave M.P. of 59*. 

Continuing his investigations at lower temperatures, 
in <nder to find at what temperature TNT began to 
decompose. Yerola heated TNT very long periods 
at lower temperatures. 

100 hours heating at 130* had no effect. 
80 hours heatmg at 150* gave a M.P. of 80.25*. ' 
177 hours heating at 150* gave a M.P. of 70.0*. 

From these figures it is evident that TNT is quite 
stable at temperatures below 130* C. The decomposi- 
tion begins at 150*, being very slight at this tempera- 
ture, and increases raindly with increased temperature, 
until at 281* the decomposition takes place with 
cqiloeive violence* 

The reaetioD <tf the burning of TNT differs from tiie 
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fcifltioii of cupioMOiL The foniiif lunctioii tilpoi pliro 
tluM: 



;: 



2CWHs-GHs*(NOi)9+21<n3f|ai-»1400k+fiH^+SN9. 

In ease the TNT fe not fliqvlie^ irith a nl^^ 
of oxygsa, very little eaibon dionde wiU be fonned. 
In most eases wbero TNT buniSp the oo^Ben supply is 
kisuflBcient, and eaibon results from the combustion. 

Whai the first eondition applies, the vohune of the gaees 
are 1200 liters from 1.6 1«. of TNT. 

The reaction according to liiidi TNT eqrfodes may 
be reinresented thus: 

2C«HaCH9 0^03)9 -» 12CQ+SH3+3Na+2C 
or -»12CO+2CH4+3N3+Hs 

according to the conditicHia under whidi the explosion 
takes place. 

C. E. Biehtei (12) has analysed the gues frwi TNT 
under several conditicHia of exidosion. Fkom the com* 
plete explosicm of the material under atamoqiherie 
pressure the gas gave the fdlowing analysb: 

Carbon moncudde. 70.5 

Carbcm dioxide 3.7 

Hydrogen. 1.7* 

Nitrogen 19.» 

Carbon. 4.2 

Underpressure, the eqiiosion of TNT gives a dif- 
fwent gas, including methane and considerably more 
hydrogen: 
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Per Cent. 

Carbon moiiQzide. 50.01 

Carbon dioadde. « . ^ . • • • 1 .03 

Methane 1 .07 

Hydrogien 21.05 

Nitroi^. 16.05 

The gases from the eaqdofiion of TNT in a lead block 
(from Traud test) upon partial analysis gave these 
figures: 

Per Cent 

Carbon dioxide 20.60 

Carbon monoxide 46.02 

Methane......... 1.40 

Hydrog^ 7.61 

Hydrocarbons 1.08 

Some authorities state that in all probability gases 
of entirely different constitution exist at the moment of 
detonation than after being cooled for analysis. The 
formation of methane and carbon dioxide may be 
due to the heat of the gases at the moment succeeding 
the explosion, at which moment the gases may, due to 
the heat, be dissociated. As the gas cools, these 
atoms recombine, but not in their original compounds. 

The effect of daylight on TNT is very marked. 
A sample of light cream TNT darkens to a deep brown 
on exposure to strong sunlight for a few hours. This 
action is, in reality, a slight decomposition. Just 
what the products of this decomposition are, is not 
definitely known, but thqr may be separated from the 
TNT itself by solution in acetone. (13) 

Experiments to detennine the sensitiveness of TNT 
to Aock have been earned out by von Schrotter. (14) 
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III his leporti he tnhtilatw tba randte and com] 
TNT to aevml cAher eqilofli^'es: 
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Von Schrotter also ezperimoited upon the detoD%* 
tkm of one charge of TNT by the exiikiekm of anothw 
charge. In this work charge of 2 kgBL w»e used, whkh 
were enclosed in hollow metallie shays. One <tf these 
shells was equin)ed with an electrically fired deuMiator, 
find the second shell was placed a certain distance from 
the first. It was found that the TNT detonated ten 
times out of ten attempts at 110 cm. A heap of un- 
confined TNT detonated at a distance of 7.5 cm. from 
the prime charge. 

A mixture of TNT and other substances that may 
be detonated by heat alone is described by Goetiig. (15) 
The analysis of Goettig's mixture shows it to consist 
of: Barium nitrate, 9.83 per cent; TNT, 22.22 par 
cent; nitrocellulose, 67.96 per cent. The detonation 
of this mass may be most easily effected by an elee- 
trically heated platinum wire. 
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Giua has stuHJnd the physical propertiea of mix- 
tares of the dinitrotoluenes and the trinitrotoluenes. 
He found that eutectics were formed in the ratio of 
three molecules of the lower nitration product to two 
of the higher. Langenscheidt (16) has determined 
the melting-points of a mixture of cymmetncal trinitro- 
and alpha dinitrotoluenes in varying proportions. His 
results differ from Giua, because th^ indicate that the 
eutectie is formed in the ratio of one molecule of the 
lower to one molecule of the higher melting-point. 
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The dcna^ of Tin* varin diiwtljr with tliB pi«M^ 
The foOowmg taUe ihims the dnatgr at 
various piMBiirai (17): 
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CHAPTER VIII 



r* 



KROPKKTIKS OF THE MONO- AUD DINTIRO- 

TOLUENES 



The MononitrololDeiies. There are three isomeric 
moDonitiotolueiies. The structural formulae of these 



Ortho 




Meta 



CHs 

fl 



CHa 
NOa 



The meltmg-points of two of the mononitrotol- 
uenes, like that of the alpha trinitiotolueney have been 
under discussion for some time. Astiomisslewsky (1) 
has made an extended study of the ortho mononitro- 
toluene to find out why this modification exhibits what 
seems to be a double n^ting-point, which fact had been 
noted by many preceding investigators. Astiomis- 
dewsky's results proved that this mononitiotoluene 
exists in two forms. One of these forms was designated 
as the alpha or ** labile '' modification. The melting- 
point of this modification was determined to be 
«-10.56^ C. To the second form Astromisslewsky 
gave the name of Beta or ''stable '^ modification, 
having a melting-point of --4.14^ C. The alpha form 
aema to go over spontaneously to the Beta modifica- 



TBINinMynMJDBNE 



tioii. W«tiWM^ii nomrnh imlinilw thai the 

tioii point Ib cVm to the mdting-poiiit of the e^phft 

foniL 

Bintoid (2) has detannkied the €on«rt Bdtiiig-poiB^ 
f or pera monoiiitroioliiaie. Af tcrmudi trauble m puii- 
fiestion and aepaimtion from.the aceooqianyiiiK ortho 
and meta fonns, he finally detennined the comet 
melUng-point to be 51.6^ CX and not 54^ C. as was pre- 
viously iiiq>poBed. 

The eonceted boiling- and mdting-points of the 
mononitroiolu^ies are: 




Speeifie gmvities: 



oirtkft i.iiS(isa«.) 

l.liS(21d«.) 

l.|»(Md«.) 



CffUaUine F0nm: Hie erystaUine fona of the ortho 
nltrotoluene has evidently not been thoraii^b|y m^ 
vestigated, sinee the various diemists do not agree 
upon this pcnnt. Thb is possibly due to the pr e s cn e e 
of both the alpha and the bsta forms in the mixture. 

Meta nitrotohiene erystallises in monodinie prisms^ 
and para nitrotoluene erystab belong to the trimrtrie 

FrapaiatioiiZ 'iW j^eplmlkH;; oL the ortho nitro- 
tohirae is most easily carried out by the nitration of 
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toluene. A very good mixture for this purpose b 
180 parts of toluene to a mixture of 315 parts concen- 
trated sulphuric acid (sp.gr. 1.84) and 200 parts con- 
centrated nitric acid (sp.gr. 1.44). The toluene is 
placed in a vessel of suitable size and shape that is 
equipped with a motor-driven stirrer, and the acid 
mixture is added slowly. The temperature of the reac- 
tion mixture shoidd not rise above 30^ G. The mix- 
ture of nitrotoluenes from this nitration consists of all 
three isomers, with the ortho greatly predominating. 
The separation of the three isomers may be made by 
repeated fractional distillation, provided the nitration 
has been carried out at a temperature below 30^ If 
the temperature has risen aboye this point, there is 
danger that some dinitrotoluene or even trinitrotoluene 
has been formed, and upon distilling the mixture may 
explode. 

A possibly better method of separating the isomeric 
mononitiotoluenes is one used by the firm of Meister, 
laicius & Bruning. This consists in cooling the 
mixed nitrotoluenes to —4 to —10 ^, and removing 
the liquid portion after about one-half the mixture has 
crystallized. The separation may be effected by a 
centrifuge. The liquid obtained by one crystalliza- 
tion is practically pure ortho nitrotoluene. The result- 
ing mixture of meta and para nitrotoluenes may be 
separated by steam distillation. The para is very 
volatile with steam, while the meta b but slightiy so. 

A considerable amount of para nitrotoluene may be 
separated from the above residue, and easily enough 
80 that further methods of preparation would be super- 
fliKms. A veiy small amount of the meta nitrotoluene 
b pfesent^ abo, but thb amount b too ttnall to be of 
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nqr value. A nodi better method of ivepering the 
meta isomer ie by the eueoemive eeetylimtioii, iiitn^ 
tioBf g^ pftjiififf itlion^ tiiftifttiietifiiij, |m^^ finally bailing 
with akohol, of ortho* or parartoluidiau The ammo 
group IB preeent and thus preventa the nkro-groiqi 
eoteriiig ia its regulation position. Aeetylixation both 
protects the amino group, and also renders it sus- 
ceptible to diasotixation, which procedure is necessary 
for the removal of the amino group after the meta 
nitro-c<mipound has been formed. The reactions in 
these various stages take place thus: 

CHaCeHiNHi+ClOCCHa 

-♦CHaCeHiNHbCCHi+Ha; 

CHi CoH^NHOCCHs+HONOs 

— CHjCJIjNO^NHOCCHa+HjO; 

CHaC«I{s)((>tNH OCCHa+Ha(Aq) 

-» CH» • C«H« • NOs • NHs • Ha +CIUOOOH; 

CH* • Cja» • NOa • NHs • HO +HONO 

-»CHaC<HsNO>N : Na-f2H«0; 

i 

-CHaCtH^NOt+Na+CiH*©. 

Chemical Prapertiea.. On oxidation, the mono- 
nitrotoluMies are all converted to the eorre^ionding 
nitro-bensoic acid. This oxidation can best be carried 
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out by boiling for a long time with an alkaline solution 
of potassium ferripyanide. 

Upon reduction, the mononitrotoluenes act differ- 
ently, according to the metal used in the reduction. 
If iron be used with hydrochloric add, the correspond- 
ing toluidin is produced, the reaction bdng analogous 
to the preparation of aniline. If sine and hydrochloric 
acid is employed, a chlortoluidin is produced. 

The reduction of the mononitrotoluenes to toluidins 
by the use of iron and hydrochloric add forms the basis 
for a method of estimation of the para isomer in crude 
nitrotoluene. (3) A wdghed amount of the mixed 
toluidins is dissolved in ether, and then ethereal oxalic 
add is added. The toluidins all fonn compounds with 
oxalic acid, and all but the para compound are soluble 
in ether. The sdution is tiien filtered, the residue 
washed with ether, then dissolved in water and titrated 
with N/10 sodium hydroxide, using phenolphthaldn 
as the indicator. 

The sulphonation of the mononitrotoluenes offers 
a qualitative test for ortho nitrotoluene, in that the 
sulphonation product of this isomer gives no red color 
when boiled with sodium hydroxide. 

Green, Davies and Horsf all (4) have investigated 
the products formed when Kdium hydroxide acta upon 
the nitrotoluenes, especially the para isomer. ThQr 
have found that the first product of the reaction 
18 a dimtroaodistilbene, which then condenses to a 
dinitnaaodistilbene^ having the following composition: 

NQsCA Cn[:Cn[*CA*N:N*CA«GH:CH*CA*NQs 
The leaction may also goto dinitrodibenqrl» accord* 
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ing to the tempermtura of the reeetira and the ooddis- 

N0a-CA*CHfCHt-CsH4-N0k 
(nitro-CRHiiw in poaition 4-4). 

• I 

I 

If the nariloa be started eold, aad gradually healed iqii 
the produet resulting is a dimtrostilbene: 



NOtCeHi-CH : CHCANOk 
(nitro-groups in podtion 4-4). 

The action of light on the mononitrotoluenes 
investigated by damician and Silbor. (5) Thar pn^ 
eedure involved the solution of the nitrotolueoe in 
alcohol. With this solution, it was found that li|^t 
transformed the nitrotoluenes into the cofTeqwnding 
methyl quinaldine and the toluidim This indieated 
tiiat li|^t has a pronounced reducing action on the 
nitrotoluenesy reducing the nitro-group tq an auiino 
group. 

The mcmonitrotiduenes form addition products with 
the inorganic salts. This pn^ierty differs from the 
trinitrotoluenes, which form their addition ptoducta 
mostly with organic compounds. Walker and. Spencer 
(6) have produced an iduminium chloride c(»npound 
of mononitrotoluene, and Mascarelli (7) isolated an 
addition compound of para nitrotolueoe and m^euric 
chlorideiwhich had the formula NOa • C%SU -CHa * HgCU* 
This substance separates from alcohol in pale yellow 
needles. Upon being heated, it softens at 105^, begins 
to melt at loO^ and blackens at 222^. The properties 
of these compounds indicate that they are unstable. 
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An interesting application of the color reaction oi 
nitiotoluene with sodium hydroxide is made in detect- 
ing traces of nitrotoluene in nitrobenzene. The lattei 
substance will not give a red color with sodium hydrox- 
ide, and by standardizing the colors, the test may b< 
made roughly quantitative. This reaction may, oi 
course, be applied to the detection of toluene in benzene 
by first nitrating. (8) 

CSoparisow, in considering the results obtained 
by many investigators on the reactions of para 
mononitrotoluene reaches the following conclu« 
sions: (9) 

The reactive sensitiveness of nitro-groups toward 
alkalies increases with the increase of the nitro-groupe 
in the molecule. 

The sensitiveness and number of chemical changes 
is greatly augmented by the presence of an alkyl 
radical in the para position, facilitating, probably, the 
fonnation of nitric esters. (R • N0(0H)2). 

The reactivity of the molecule is very much in- 
creased by the introduction of electronq^tive groups 
in the ortho position to the alkyl radical. 

Alkalies produce addition, substitution, and con- 
densation products. Alkalies and alkali compounds 
produce red colorations with alpha trinitrotoluene. 
Coparisow found that when 5 c.c. of a saturated solu- 
tion of potassium hydroxide in methyl alcohol, cooled 
in solid carbon-dioxide-ether mixture, are added to 
•166 g. of pure i^ynunetrical trinitrotoluene, dissolved 
in amixture of 1 cc pryidine and 5 cc. methyl alcohol; 
the latter sdution being kept oool in solid carb<m- 
dioadde-ether mixture, the cdor change took place at a 
tenqMratore as km as *--65^ C« 
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Delta, yellow needles from ligroin. 
Epsiloni yellow needles from alcohol. 
Zeta, very long needles when crystallised from carbon 
disulphide. 

PrepaiatloiL The alpha dinitrotoluene is obtained 
usually by the nitration of mononitiotoluene. It may 
also be prepared by eliminating the amino group from 
nitrotoluidin, first diasotising, then forming the hydro- 
chloride and saponifying. 

The beta isomer is formed by eliminating the amino 
group from dinitnM>rtho-toluidhi, as outlined above. 

The gamma dinitrotoluene may be easiest pre- 
pared by heating 2-^1-4 dinitrotoluic acid with dilute 
hydrochloric acid. The reaction goes in two 8tepB:(10) 

(1) CHsCeHs(NOs)s COOH+HCl(aq) 

->CHtCtH,(N02)iC0a; 

(2) CHt*C«Hs(NOs)sCOa+KOH 

-»CH9G«H9(N02)a+Ka-|-H20. 

The delta modification may be formed from 1-4-3-^ 
dinitrotoluic acid as in the case of the gamma isomer. 
Delta dinitrotoluene may also be formed by inter- 
action of toluquinone dioxime and nitric acid. (11) 

E^Msilon dinitrotoluene is formed to a slight extent 
when mononitiotoluene is further nitrated. It may 
also be formed in the pure state by the elimination of 
the amino group fromd initn^Mffartoluidin. 

Zeta dinitiotoluene is prepsieA from the nitration 
inroducts of toluene. 

Ghemkal Propertiea* The chemical properties of 
the dinitrokohieoeB have not been investigated nearly 
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Bs thoroui^i^ Bs hAve tbow of tho WHWMWi itf fttohii f i w i 
and the trinitroluenM. This k ponibly faeeauae the 
dimtrotoluenes ere mody en mtermediete between the 
mono- and trinitrototuoiesy and are important only as 
such. Wlule it 18 true that 1^ eome ptante the dinhro- 
eompound forms the startink pdnt for TNT, yet in 
the vast majority ot faetopee the raw material is 
either toluene or mononitrotoluene. 

The alpha dinitrotoluene will form addition prod- 
ucts with naphthalene and anthracene just as the alpha 
trinitrotoluene will do. The naphthalene product has 
the following formula. (12) 

C«Ha • (N02)s • CHs • CioHt. 

This same DNT may be reduced by iron and aqueous 
hydrochloric acid to tolylene m-diunine. Ammonium 
monosulphide partially reduc<ss alpha dinitrotoluene 
in which reduction the para group is the one concerned. 
Stannous chloride and alcohol exert the same action. 
The product in each case is C^HfCHiNOs-NHs. 

Beta dinitrotolu^ie upcm oxidation with ferricyanide 
farms the correspcmding dinitrobenxoic acid. 

Some work has been done on the reduction of the 
alpha and epsilon dinitrotoluenes by electrochemical 
means. Brand and Lolier (13) have prepared from the 
epsilon compound a 2-2-dinitro-6-6-asoxytoluene and a 
2-2-dinitro^hydroxy-6-6-azotoluene. The formation is 
determined by the solution used. The alpha dinitro- 
toluene gives similar substances. 

The Omega Nitrotoluenea (Phenylnitiometfaanea). 
Under various cireumstances in the regulation manu- 
facture of TNT a side-chain nitrated compound 
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fonned. These eoiiBtitute the class of nitiotoluenes 
known as the omega class. The first reference to the 
preparation of one of these compoundsis made by 
HoUeman (14) in 1894, when he prepared an " exoni- 
trotoluene." Hantsach (15) and Ponsio (16) have done 
considerable work on the properties of the omega nitro* 
toluenes. The results of both these investigatorB 
indicate that these nitro-eompounds are very unstable. 
Ponsio prepared the phenyldinitromethane, which 
crystallised in large prisms. The crystals melted at 
79^ C, and upon heating were found to decompose vio- 
lently at 130^ or above. The products of the decom- 
position of phenyldinitromethane are " red vapors and 
benxaldehyde.'' The same man prepared the potas- 
sium derivative of the above-mentioned compound, 
and found it to be less stable than the phenyldinitro- 
methane itself. In fact, the alkali derivative exploded 
when "slightly heated." 

According to Neogi and Adhicary (17) omega 
mononitrotoluene is readily prepared by the action of 
mercurous nitrate or bensyl chloride. Heim (18) con- 
cludes from a series of researohes, that pure phenyhiitro- 
methane is not subject to qx>ntaneous decomposition, 
but a small amount of impurities may cause such 
action. Kirwalloff (19) has determined that this sub- 
stance, on redttctioii, yidds the eorreqKmding aldehyde 
and osome. 
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TNT fa eooflidtted the safest eiploriire U^ 
found a wide application in waif are. The mannfietuie 
of thfa eiplorive fa also eomparativi^ nfo, as long 08 
it is carried out with ordinary eautioii. There fa no 
doubt but that in the present rush to produce TNT in 
the greatest possible quantitiesi and in the least pos- 
sible time, there is a tendency to be somewhat lax in 
the enforcing of precautionary measures, and that there 
fa also a tendency to disregard the chemical prqp^rties 
of the various products and by-products that result txom 
the manufacture of this product. The fact that TNT 
is primarily an explosive, makes certain the further fact 
that there are certain conditions under which it must 
explode. It is true that not many of these c<Miditions 
are known, but it certainly fa not impossible that some 
of these conditions can be produced in the jdant where I 
the explosive fa manufactured. It fa no more impos- 



sible that TNT will explode under conditions concern- 
ing which we know nothing. These conditions may 
just as well be brought about as the first kind. To be 
on the safe side, then, it fa up to the superintendent 
of a plant to be certain that no conditions exfat in hfa 
fdant but those under which it fa definitely known that 
TNT will not explode. Thfa will insure the safety of 
the men, and the safety of the plant. 
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Previous to 1914, there were in all less than a half- 
dozen accidents reported in TNT plants. THthin 
the last year there have been not less than twenty 
explosions and accidents in the United States alone. 
It is true that not all of these have been due to the 
detonation of TNT, but probably every one has been 
due to carelessness on some employee's part. With con- 
ditions as existed previous to the war, the manufacture 
of TNT could be carried out with as great care as was 
thought necessary, but with the total rearrangement 
of conditions as they exist to-day, there is no doubt 
but that in many cases certain details which, although 
minor in nature, are really important, are not given the 
attention they require. 

The pre-war accidents in which TNT was concerned 
were due in some cases, at least, to the action of some 
substance other than the TNT. For in-itance: In 
1909 an explosion occurred in the crystallizing room of a 
TNT plant at Schoenbeek, Germany, in a long rotating 
drum which was used for drying TNT crystals. In this 
particular plant centrifuges were used to separate the 
cr]rBtals from the alcohol used for the recrystallization. 
It is thought that a hot bearing may have ignited the 
alcohol vapors in the room, thus causmg the explosion. 
Experts differ on the subject. Some believe that the 
explosion was due only to a mixture of air and alcohol 
vapor, while others think that TNT dust was added to 
the explosive mixture. In either case, the TNT did 
not explod-j, since it was found that after the fire, 
following the explosion, was extinguished, there re- 
mained some unbumed TNT in the drum. Further- 
moie, a wood sieve containing several hundred pounds 
of TNT was burned, but the TNT did not explode. 
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yaids, Imt the eqdottva was oo^ dil^Uy indtod ^ 
top. Another ezpluioD took place in 1906 in the 
BUmraom of the Roberite iaetory aatnated at Witten. 
The loom was filled lirith TNT and ammonimn nitrate. 
Forty-two pasoDs were injured in this eipioBion. 

Both of the above eases show that the eiplosioDS 
wwe not due to the det<Miation of TNT akme, but to 
the coniUned acti<m of the TNT and some other sub* 
stance. 

Two furthw accidents are interesting, atthougjh not 
much b known concerning the conditions surrounding 
the explodons. In 190^ an explosion of TNT at the 
factory of Letsch & Co., Hudder^field, caused the death 
of five men. Another explosion in the. washing plant 
of a German factory in 1912 resulted in the death of 
four men. 

Even considering the high casualty rate of the pres- 
ent, the explosives manufacture has a lower injury 
and death rate than has railroading. Dr. W. G. 
Hudson, the medical director of the E. I. Dupont 
deNemours Co., '' hit the nail on the head " in his 
recent paper on '^ Safeguards in the Manufacture 
of Explosives" when he said: ''If explosives like 
dynamite, smokeless powder, and TNT were made 
only by skilled chemists, under the best of laboratory 
conditions, they would seldom, if ever, cause explosion 
accidents. They are stable and safe explottves, and i^nll 
stand a far greater degree of rou^ handling than the 
uninitiated have any idea of. But when such sub- 
stances have to be produced in the immense quantities 
required by present conditicms, ordinary labor m ust 
be used, txnd mtuiy of these men are unskilled and have 
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no gpeakJng jmo wlediee of Englid i* Howevg r carefiil 
ojg che niii^t^jypen^"^"* ^M ^^rtmi m may be> it is 
difficultmde ed to guard against acwne one of the se thoo* 
wmflfT Tiecdming car eless or n e gligent at timc sy and^ 
^[.omiraey the resu lts of an ex p losion are visite d upon 
aU injhe yicini^T^ 

The problem of eliminating the explosive acddents 
becomes then, one of making the plant fool-proof, or of 
educating the foreigner. The first is impossible from 
the very nature of the work. A fordgner— and even 
some Americans — ^may be told repeatedly to keep away 
from any source of nitrous fumes, for instance, but 
sooner or later the effect of the most stringent warning 
wears off. The psychology of the employee of the 
explosive plant is another important factor in safety 
work. The ordinary workman knows full well that he 
is employed in an explosive plant, and that his work is 
dangerous because an exploaon may occur. There- 
fore at the slightest unusual noise, or at the most 
trivial occurrence which is out of the ordinary, he 
immediately suspects trouble, becomes fri^^tened, 
loses his h«id, and often turns an absolutely harmless 
ataation into a dangerous one. To cite an example: 
The chemical engineer of a certain eq>losive plant 
was one day inspecting the installation of. some acid 
eggs that were placed in a concrete pit. He noticed 
that the conqyressed air inlet valve leaked, thus allow- 
ing air to enter the egg, forcing the acid out through 
the discharge pipe idiich had, for some reason, been 
disoonneeted about 2 feet from the egg. A drop of the 
add had struck him in the face, and idiile wifnng it 
off with his handkcrdiief, he called to a nearby wcAr 
man to drat off the eompreased ahr vahre mora tii^tly. 
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The woricmni. immodiatdy mw a mcd ci mi Mcidait. 
became confused, and instead of turning cS the air, 
i^wned the valve wide, forcing the add charge oat of 
the egg» and down on the man in the pit^ burning him 
voy badly. 

The plant ofllcials are thus confronted with the great 
problem of educating the workmen to keep a fevd 
head at all times. 

Aside from accidmts of the above nature, there are 
oth^B the direct cause of which is carelessness on the 
part of forcmim or superintend^its, who are either 
ignorant of certain i»operties of thdr products, or who 
are negligent in the performance of their duties. One 
accident, due to a comt»nation of these shortoomingi?, 
resulted from the too rapid mixing of spent acid from 
one stage of a nitrati(m with f re^ nitric acid to innepare 
the acid for Uie next nitration. Nitric acid on being 
mixed with spent acid, tends to form a separate laj'er 
apart from the spent acid unless it is thorou^y agi- 
tated. In this instance, the two-layer system formed, 
consequently the organic matter in the spent acid 
next to the layer of nitric acid was subjected to the 
nitrating acticm of the latter. As the reaction pro- 
ceeded, the mixture became Warm, the heat in turn 
accelerated the nitrating reaction and so on. With 
such an uncontrolled reaction taking phice an ex- 
plosion resulted. Nine times out oi ten, the mixing 
of the nitric acid with the spent acid may be carried 
out without special precaution. The tenth time may 
be the cause oi an explosion. In this particular plant | j 
the fortifying acid is always mixed in a particular man- 
ner. The explosion tau^t a lesson in ^e effects of 
disregarding minor details, and also concerning the 
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properties of spent acid, which should have been 
determined before in the Uboratory • 

There is surely no step in the manufacture of TNT 
which is entirely £tee from danger. Every step in 
the process should receive the utmost attention, and 
minor details should be worked out with the same 
eare as the greater problems, rather than to ^ take a 
ehanee ^ that no acddent wfll result. 
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Tbm pidtifem of disease incident to the monnfnetmo 
of TNT has assumed great proportions in the last tem 
years. Before the manufacture of TNT grew so large, 
an occasional nckness or death from p ojiw ^iiig gaug gd 
no great comment. Now, however, with the many 
plants manufacturing this material, the number of 
men and mwtnai who are constantly beccnning aflKcted 
with diseases of various natures has grown to such a 
large figure that many physicians are devoting their 
entire time to the conquering of TNT diseases. 

To give some idea <tf the large number of persons who 
are affected in one way or another, the following figures 
are cited: T)r. Hamilton, in May, 1916, reported 703 
cases of TNT poisoning, and 33 deaths resulting from 
such poisoning. The Royal Society report of the same 
year gives 181 cases of jaundice alone, which were 
caused by TNT. The same report shows 52 deaths. 

There has been considerable discussion among some 
plant oflScials as to why the medical fraternity is unable 
to check the TNT disease. I have followed quite 
closely much of the research work that has heok done 
on this problem, and I am of the opinion that the 
physicians are dmng everything in their power to obtain 
suflScient knowledge c<mceming the action of TNT so 
they can, with the results obtained, \By the foundation 
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for the treatment of disease resulting from the action 
of TNT on the human body. When the recentness of 
these diseases is oonddered; and when the vast amount 
of work necessaiy to be carried out with such diseases 
as tuberculosis, canceri pneumonia and others, is con- 
sidered, it seems that the medical profession is to be 
congratulated for having progressed as far as they have 
in the understanding of this sickness. 

Many well-known physicians and pathologists have 
worked on this subject. Drs. More, Panton, Feldman 
and others have, by their researches, thrown much 
li^t on the action of TNT in the body. At the present 
time Dr. Samuel Haythom, of the Singer Memorial 
Laboratory, Allegheny General Hospital, is engaged 
in a very extended series of researches to determine 
the various ways in wiiich TNT gains an entrance 
into the body, and also to find out the effect of the TNT 
on the various tissues and organs in the body« The 
different ways in which TNT gets into the i^tem has 
been investigated by Dr. More, who reaches the con- 
clusion that the most important means of entrance is 
throu^ the skin, by actual contact with the material. 
In order to determine whether or not TNT has gone 
throu^ the system, use is made of Webster's test 
which detects TNT, or possibly some product of its 
action in the body, in the urine. Webster's test is 
performed by placing 12| c.c. urine in a test tube, and 
mixing with an equal amount of 20 per cent sulphuric 
add. The acidified urine is then extracted with ether, 
the extraction being carried out most easily in a separa* 
tory funnel, unng 10 c.c. ether. The aqueous layer 
is drawn off, and the ether Is washed with water and 
again aeparated Five ce. of the ether extract is 
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then miied irith 10 e^. of a 4 per eent aolntkm of potas- 
sium hydraxHk in abaohito akohoL If TNT (or ite 
produet) is present, a pink eolor appeoiBi friiidi quiddty 
ehsngps to a purple and finaUy to a fanwn. The 
question as to whether Webster's test detects TNT or 
one of the products iNnoduced by the action of TNT 
upon the system has never been definitely settled. 

Dr. More has experimented upon the possibility of 
TNT entaing the body throu^ the skin, by rubbing 
some ot the substance upon his hand, then washing 
immediately. He repwts that he obtained a positive 
Webster's test <m his urine for a pm^d of ten dajrs. 
Dr. Haythom has been unable to verify More's work, 
in that he has been unable to secure a positive Webster's 
testonhisurineatallbyapplyingTNTextemally. Fur- 
thermore, Haythom allowed the TNT to remain in 
contact with the skin for a considerable period of time 
but was still not able to obtain a po^tive Webster 
reaction. Guinea pigs whose skin had been rubbed 
with TNT soon developed an eruption, at first not 
serious, but which soon became co\ ered with crusts. 

Haythom's next experiment consisted in subject- 
ing rabbits and guinea pigs to the fumes of heated 
TNT tot several hours a day for over a month. In 
this way the animals were under the same conditions as 
men in the plants who are forced to breathe fumes from 
washing or crystallizing apparatijs, or from any source 
where the TNT is ^ubjcctctl to heat. The animals used 
in this test showed no Webster reaction. 

Haythom then attempted t^ introduce TNT by 
feeding the animals milk which contained dissolved 
TNT. The animals rapidly lost weight, became list* 
less and soon died, one of them in three days. The 
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mine of these nniinah showed a strong positive Web- 
ster's test. The tiver, spleen and kidneys of one of 
these animals were very dark in color, due to the break- 
ing up of the red blood cells, and the deposition of 
the coloring matter in these organs. 

From Dr. Haythom's experimentSi it seems that 
the greatest danger from TNT poisoning comes from 
actually swallowing the material. More does not 
agree with this. The effect of the TNT in the body 
seems to be mostly on the liver, the poison almost 
totally destroying the cellular portion of this organ. 

Several blood tests on patients afliicted with TNT 
poisoning shows that the substance in many cases 
attacks the red blood corpuscles, depositing the coloring 
matter of these corpuscles in the various organs such as 
spleen and kidnqrs. 

The differences in the results obtained by the work 
done by More and Haythom, together with the fact 
that in some plants TNT poisoning is quite prevalent, 
while in others it is practically nj}, has suggested that 
the poisonous effects may not be due to TNT itself, 
but to a phenylnitromethane; that is, a toluene ni- 
trated in the side chain. It is known that these phen- 
ylnitromethanes are very poisonous. It is also known 
that in some cases these compounds are formed dur- 
ing the nitration of toluene; for instance, if the nitric 
acid concentration of the add mixture becomes vary 
low, or if the temperature rises very high. In this way, 
some samples of TNT may contain the toxic phenyl- 
nitromethanes, while other samples may be free from 
them. This would eqdain the difference in toxic 
effeet of the various TNT satnplesi and the variation 
in lesutta obtained. 
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TImm an mm, definite fofm of TNT 
knowii: 

1. Ikniiattu, or cniptioB of the jddB. OfteacaBed 
'' TNT ndi.^ Tliie ffom of pniwimK is oaund fay 
oonuiet with the TNT, end may uniaQy be cured fagr 
removiiig the caiie». 

2. Qauing. This eonditioii ie due mote to the in- 
halaticm of the nitrous fumee idiich oeeur during the 
nitration of TNT than to the TNT itsdf. The wuid 
passages and hings are often badly inflamed. Many 
cases devdc^ into fmeumonia, while others recover 
after a day or iwo of ccmiplete rest. In any case the 
patient who has been " gassed '^ Aould be pven attri- 
tion by a physician. Ordinary first-aid methods, such 
as doses of dilute chloroform-alcohol mixtures, are 
not sufficient. 

3. Miner pai$amng8, which result from the handling 
of TNT or receptacles which are covered with the sub- 
stance. The eifects differ from TNT dermatitis in 
that the effects are internal as well as externa!. The 
symptoms are dizsiness, headache and sometimes 
nausea. Men or women who are new to the work, 
and whoare not accustomed to being a round TNT, are 
eiq)ecially subject to this form of poisoning from TNT. 
The symptoms usually disappear after the perscm 
becomes more accustomed to the presence of TNT. 
Cases have beer, known, however^ where the poison- 
ing has developed into a more serious form. 

4. Severe PaUonings. After the symptoms of a 
minor poisoning are displayed, there b a period in 
which the subject feels perfectly well, no ^ects of 
the TNT being noticeable. This neutral period may, 
in cases of extreme susceptibility, terminate in severe 
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poisonings. The symptoms of the more severe cases 
being loss of appetite, vomiting and constipation. 
The severe poisonings from TNT appear to be ihe result 
of a cmnulative action of the poison. 

5* Taxie Jaundice. This is the most serious form 
of TNT poisonmg. It does not appear until at least 
six weeks after the e]qx)6ure to the explosive. Some 
persons appear to be qtdte susceptible to the more 
serious forms of TNT poisoning, while others never 
feel anything other than the minor effects that are 
experienced upon the first exposure. There is yet a 
third class who are not affected in any way by TNT. 
Personally, I have often handled TNT until my hands 
and forearms were stained a deep golden brown, and 
have worked in an atmosphere filled with TNT dust 
for hours, but I do not recall even a slight headache 
or dizziness from such exposure. 

Toxic jaundice is the direct result of what may be 
termed '' TNT liver.'' The yellow color of the skm 
caused by the internal action of the TNT persists 
long after the stain by external contact wears off. 
Furthermore, the color due to jaundice affects the entire 
body, while the mechanical staining colors only those 
parts which have been in contact with the TNT. 
About 33 per cent of the cases of toxic jaundice are 
fatal 

6. AfUBinia. This disease is the result of the action 
of TNT upon the erythrocytes or red blood corpuscles. 
These corpuscles are disintq^ted, and the coloring 
matter is deposited in the kidnqrs and other organs, 
cauang these organs to assume a dark brown or black 
color. As with toode jaundice, not eveiy person suffers 
the aaoie effeeta. Some cases are on reoofd mbete an 
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ft ^ ^^ft ^ iiian80 in the nimibcr of nd blood ooipiiodfli 
has iwultod from TNT pdaomng. 

The fwimnmtian of the leaearco that has abead^ 
been done on TNT poisoning indicates that the sdii- 
tion of the problem emisisU more in ptevention than 
in treatmoit. The steps to be taken in fweventlon^ 
which have been suggested by the British Ministry of 
Munitions are: 

1. The employment of no persons under eif^teen 
years of ag^ without special permis^tion. This insures 
the employment of none but mature mm and women 
and lessens liability fnmi carelessness or mdifference. 

2. The rotaticm of work at two-week intervals: 
thus removing the employee from contact with the 
substance periodically. 

3. The use of masksi i^oves, and clean-laundered 
overalls. 

4. Large and well-ventilated workrooms^ 

Sif The furnishing to every employee of free milk 
and cocoa, and a weekly medidd inspecticm. 

The wisdom of requiring the employees to drink 
milk has been severely questioned for this reason: 
Milk contains primarily fats and casein. The fats are 
capable of dissolving a large amount of TNT. lliere- 
f ore, should any of the explosive accidentally aad its 
way into the milk, or should there be any in the stomach 
through swallowing dust in the factory, this will dis- 
solve in the fats of the milk and will be absorbed by the 
blood. Tllis action has been proved by Dr. Haythorn, 
who has petformed several experiments upon rabbits 
and guinea pigs with a solution of TNT in milk. 

The very least that can be said concerning the toxio 
action of TNT is that some persons are very susceptible 
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to it. Minor poisoningB should be treated as possible 
cases of severe poisoningis until aU doubt of the severe 
poisoiiing has been removed. A medical corps of 
suflkient rise to afford constant medical supervision 
of the force of emploiyees should be in4x>nstant attend- 
ance at the plant. In this way any slight poisoning 
or siekness will be diecked before it has a chance to 
develcp into a mora ssrious f ofBL 
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WASHES, A. E. Coal Tar IKstiUatioa and Workinf Vp 
of Tar Products. 67 illustrations. sH^^}i* cloth. 
197 PP- met, $2.80 

WHITE, CH. Methods in MetaUurgkal Analysis. 106 
ilhistrat ons. 5x71/^. cloth. 365 pp. net, $2.80 

WHITE, G. V. A laboratory and Class-ioom Ouide to 
Qualitatiye Chemical Analysis. 5x7. cloth. 178 pp. 

net«$1.28 

WnSOH, T. J., and HEIXJBOH^ L X. Chemical Theory 
and Calealatioas. An elementary text-book. Itlus., 3 
folding plates, ismo. doth. 145 pp. net, $1.00 

WOOD, L X. The Chemistry of Bycinc- 5 ^ 7>a. cloth. 
87 pp. ( Van \ostrancV^ Gicmical Monographs.) 

net, $0.78 

WOBDEH, e! C. The Hitrooettulose Industry. A com- 
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penditun of the histoiy, chemisti %; niKtittfacture, com- 
mercial application, and analysis of nxi.'^es, acetates, 
and xanthates of cellulose as applied to trtc peaceful 
arts. With a chapter on gun cotton, smokrJess pow- 
der and explosive cellulose nitrates* Illustrated. 
8vo. cloth. Two volumes. 1239 pp. net, $10.00 

TeeliBology of CeUulose Esten. A theoretical and 
practical treatise on the origin, history, chenustr>% man- 
ufacture, technical application and analysis of the pro- 
ducts of acylation and alkylation of normal and modi- 
fied cellulose, including nitrocellulose, celluloid, pyr- 
oxylin, collodion, celloidin, gun-cotton, acetycdlulose 
and viscose, ^s applied to technology, pharmacy, 
microscopy, medicine, photography and the warlike 
and peaceful arts. In ten volumes. 600 ill.; 12 {dates, 
iio,oco patent and literature references to the work 
. of 12,000 investigators. • 

VoL VIII. Caitehydzata Gaitezylates (CMlulosa Aee- 
tata). Illustrated. 6>Sx9>^. 515 PP* , att, |6.00 
pother volumes to follow at jhort mtervals.) 
VBXV, HZHBT. Offaaametallic Compinadf of Ziae aad 

Xagnomii. 5 xjyi. doA, 108 ppJ <Van Nos- 
trand*s Chcmictf Moiiograplia.X . ,A0t,|0.7i 
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D- Van Nostrand Company 

ic p rep ar ed to supply, cither from 

their oocnplete stock or at 

short notice. 

Any Technical or 

Scientific Book 

la addition to publishing a very large 
and yaried number of Scisntipic and 
Enginbbring Books. D. Van Nostrand 
Company have on hand the largest 
assortment in the United Stales of suck 
books issued by American and foreign 
publishers. 



All inquiries are cheerfully and care- 
fully answered and complete catalogs 
sent free on request. 
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